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CHAP=E I

1.1 DCS Kaguewlg-Ina1tle SMt ards
1.1.1 Defntion. Engineering-Instalation Standards as they apply to

the Defense Communications System (DCS) are those standards which provide
quantitative and qualitative values and measures for obtaining uniformity
of controls governing engineering and installation of equipment, facilities, and
systems. Equipment, facilities, and systems must meet these standards upon
completion of engineering and installation, and prior to acceptance for opera-
tional use.

1.1.2 Ezamples. Included in the category of DOS Engiineering-nstalla-
tion Standards are: Standards for system engineering such as signal level,
impedances, modulation rate, frequency and time tolerances, distortion toler-
ances, and measurement techniques; standards for field engineering such s
antenna design and orientation, and transmission line design; and standards
for installation engineering such as equipment arrangements and layout,
uniform construction requirements, and site preparation.

1.1.3 Need for DCS Engaieerin saUlation Standards. Interoperability
Pnd uniform high quality performance of all DOS components requires that
they be engineered to high universal standards. New requirements may
be placed upon segments of D(S facilities formerly used by a single military
service and not originally designed nor engineered for operation with other
systems. These components of the DCS must be reengineered, whee meen-
eary, to meet these standards so that ;nteroperability and unifonm capability
will be assured. Engineering of future DCS facilities must conform with these
standards for the same reason.

1.1.4 Applioation and Use of Standards. These standards ae to ud
when preparing specifications for new components of the DOS or when modify-
ing existing systems. They should be cited and/or quoted when appropriate.
They will be the basis upon which DCA will review detailed engineering plans
of proposed DCS facilities. All DCS facilities will be inspected periodically
for adherence to these standards.

1.1.5 Reli,,n i.f DCS Engineering-Installation Sanrird& to Other D(S
Standards. Thc DCA will prescribe the utilization of standards in three
aretis; developmeIt, engineering, and operations. Standards are-

(a) Design MIL-STD-1880, published by OSD.
(b) Engineering DCS Engineering-Installation Standards published by

DCA (this circular).
(e) Operations DCS Operating Standards published by DCA (DCA

Circular 55-1).
All DCS standards follow the same general outline. The paragraph headings
are the same down to the first diecimal place of the numbering system. This
is for the purpose of cross-referencing between standards when appropriate.
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Design standards (MI[rTD-188) aid DCS Operating Standards, and
Engineerin-Installation Standards are published as separate d6cuments.

1.1.6 TcAso/o•ga Lwe of, aSf rde. The standards contained in this
document are set no higher than the current technological capability of indus-
try. No sttempt is made to anticipate future technical advances. Such
advances wifi be mde a standard after they are accomplished and proven facts.
Keeping DC8 gilnierIniIustailatibn Standards up to the level of achievable
teabmolgy will require cntinued revision of the standards; this will be accom-

mlhda euired.
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CHAPTER U

TERMS AMDDf~N

ADDRESS. The destination of the message in a communication system or the
stagrage location of information in a date processing system.

&LPHABET. See Digital Alphabet or Code Set.

ALPHABET TRANSLATION. That proess whereby the meaning ini a
particular bit structure in a particular code is conveyed to one or more dif-
ferent alphabets in the oane or diffent code.

ALPHANUMERIC. Alphabetic and numeric; including leSmt, number,
and aym: _A.

AMPLITUDE MODULATION. S" Modulation, Amplitude.

ANALOG SIGNAL. A nominally continuous electrical signal that varies in
some direct correlation to a signal impressed on a transducer. The electrical
signal may vary its frequency or amplitude; for instance, in irepons to
changes in phenomena or characteristics such as sound, light, heat, postion
or pressure.

ASSIGNED FREQUENCY. &e Frequency.

ATTENUATION. The action by which, or the result in which, the power of
an electrical signal is decreased; expressed in db.

ATTENUATION, ECHO. So# Echo Attenuation.

BALANCED. Electrically symmetrical with respect to ground.

BANDWIDTH, OCCUPIED (for a transmitter).
(a) The difference between the highest and the lowest emission frequencies,

in the region of the carrier or principal carrier frequency, beyond wh-ch tLe
amplitude of any frequency resulting from modulation by signal and/or iub-
carrier frequencies and their distortion products is less than 5 percent (-26
db) of the rated! peak output amplitude of--

(1) The carrier or a single-tone sideband, whichever i• greater, for
single-channel emission; or

(2) Ai,y subcarrier or a single-tone sideband thereof, whichever is
greater, for m itiplex emission.
(b) Bandwidtli, Necessary. For a given class of emimsion, the minimum

vwlue of the occupied bandwidth sufficient ;o insure the transmision of in-
formation at the rate and with the quality required for the system employed,
under specified conditions. Emissions useful for the good functioning of the

2-1
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receiving equipment m, for example, the emission corresponding to the carrier
system, shall be included in the necessary bandwidth. (This is used for
frequency amsignment purposes.)

BANDWIDTH, NOMINAL The maximum band of frequencies, inclusive
of pad bands, seui qto a okanneL (Not to be confused with the term
radio fraqueey smission.)

BASEBAND. In the proem of modulation, the frequency band occupied by
the aggregate of the transmitted signals when first used to modulate a carrier.
The term is commonly applied to cam where the ratio of the upper to the
lower limit of the frequency band is large compared to unity.

(a) BASEBAND, MULTIPLEX. The frequency band occupied by the
sggneg&te of the transmittad sigals applIed to the facility interconnecting
the multiplexing &ad radio or line equipments. The multiplex baseband is
also dened as the frequency band occupied by the aggregate of the received
sias obtiaed from the facility interconnecting the radio or line and multi-
ploxing equipment.

(b) BASEBAND, RADIO. The frequency band available for the trans-
wision of all the combined telephone channels and/or other communication
ehaninl.

(a) MULTIPLEX BASEBAND SEND TERMINALS. The point in
the beasband circuit nearest the multiplex equipment from which connection
is normally made to the radio baseband send terminals or intermediate
faclity.

(d) MULTIPLEX BASEBAND RECEIVE TERMINALS. The point
in the baseband circuit nearest the multiplex equipment from which connec-
tion is normally made to the radio baseband receive terminals or intermediate
faciity,

(e) RADIO BASEBAND SEND TERMINALS. The point in the bse-
band circuit nearest the radio transmitter from which connection is normally
made to the multiplex baseband send terminal or intermediate facility.

(f) RADIO BASEBAND RECEIVE TERMINALS. The point in the
baseband circuit nearest the radio receiver from which connection is nor-
mally made to the multiplex baseband receive terminals or intermediate
facility.

BAUD. The unit cf modulation rate. One band correspoids to a rate of one
unit interval per second. The modulation rate is exprossd as the reciprocal
of the duration in seconds of the unit interval. Exanple: '," the duration of
the unit interval is 20 milliseconds, the modulatior rate is 50 bauds.

BIAS DISTORTION. See Distortion, Bias.

BINARY CODE. A code composed of a conihination of entities, each of which
can assume one of two possible states.

BINARY DIGIT. An information state in binary notation (e.g., 0 to I).

2-2
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BINARY NOTATION. A seheme for reprusenting numbers characteriisd
by the arrangements of digits in sequence with the understmndin that me-
cessive digits aie interpreted as coeffcients of mucessive powve ot the bra
two.

BINARY NUMBER. A number expressed in unary mo1tift.

BIT. A contraction of the term binary digit. Than an aerd type of
bits:

(a) Check Bit. A bit asociated with a chust or block for tdomOur
pose of checking the absene of error within the character or boek.

(b) Erroneous Bit. A bit which is not in aceordanes with that which
should have been received.

(c) Information Bite. Those bits which are generated by the data msoroe
and which are not used by the data transmission system.

(d) Overhead Bits. All bits other than ink ritnion bits.
(e) Service Bits. Those overhead bits wt 4h are not check bits (ie.,

reqt sit for repetttion, numbering sequence, etc.)

BLOCK. A group of bits, or n-ary digits transmitted as a unit oemr which an
encoding procedure is generally applied for --ror-control purposes.

BREAK. To break, in a communication circuit, 6. for the reeiving usyrto
interiupt the sending user and take control of 'he circuit; used espeialsy in
connection with half-duplex telegraph circuits and two-way telephone cir-
cuits equipped with voice-operated devices.

BROADBAND SYSTEM. See Wideband vystem.

BROADCAST. See Operation.

BUFFER, DATA. A storage device used to compensate for a difference in
ratc of flow of information or time of occurrence of events.

CARRIER.
(a) A wave suitable for modulation by the ititelligence to be transmitted

over a communication system. The carrier can be a sinusoidal wave or a
rectirring series of pulses. See also Subcarrier.

(h) An unniodulated emission.

CARRIER FREQUENCY. See Frequency.

CARRIER NOISE LEVEL. The noise level produced by undesired variations
of a carrier in the absence o' any intended modulation.

CARRIER IPOWER . Se Transmitter Power Output Rating.

CFNTRAI, OFFICE See Switching Center.
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CHANNE.. A meaen of one-way transmission. Several channels may sha•r.* waso pamaIth a in enarior syateme; in this can each channel is allocated a

parlumlAr frequency band which is ressved to it.

CHARACTER AND BIT COUNT INTEGRITY. That condition in which
the peaeh number of wateres ar bit, that are originated in a message text
(in the cae an meap ofmmu o) or per unit time (in the cae of a
MW to "or Seane ae* U oetseed.

tAIRAC•YI•I NTERV.AL The total number o unit interale (including

sy o ie-intai ige,. mrr whacking or mosl hits) required to trans-ad& any chabracter is any given commualemtio,- systeam. Extra bitswhich are not associated with individual characters are not included.

CHECK BIT. Sm Bit.

CIRCUIT. A means of bothway communication between two points, com-
prising associated ano" ad "return" channels.

CIRCUIT SWIT(HINO. Sie Switching Circuit.

CLWK. A ruference source of timing information for a machine or system.

CWSM b.ICUIT WORKING. A method of single-curre, t operation in
which a crerst flows in the circuit while the trasmmitting device is at rest.

CODE (telspaph or data). A system of rule and conventions according to
which the telegraph signals forming a messae or the data signal forming
a block should be formed, transmitted, received and processed.

CODE CHARACTER. The representation of a discrete value or symbol in
accordahoe with a code. See Digital Alphabet or Code Set.

CODE CONVERSION. The prces by which a code of some predetermined
bit structure (for example, 5, 7, 14 bits per character interval) is converted
to a second code with more or less bits per character interval. No alpha-
betical significance is assumed in this process. In certain cues such as tht
conversion from start/stop telegraph equipment to synchronous equipment
a code conversion process may only consist of discarding the stop and starm
bits, adding a sixth bit to indicate the stop and start condition. In other
cases, it may consist of addition or deletion of control and/or parity bits.

CODE ELEMENT. One of a finite set of parts of which the characters in
a given code may be composed.

CONFERENCE. See Cperation.

CROSSTALK. The phenomenon in which a signal transmitted on one circuit
or channel of a transmission system is detectable in a.iother circuit or channel.

2-4
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CROSSTALK COUPLING (between a disturbing ind a disturbed circuit).
The ratio of the power in the disturbing circuit to the induced lpowr in the
disturbed circuit observed at definite point, of the oircuits under specified
terminal conditions; expresd in db.

DATA (analog or digital). Material transmitted or -rocussed to provide

informatim, or to control a prw..

DATA SINK. The equipment which accpts data sigmekaftr t smmdion.

DATA SOURCE. The equipment which axpow dMea tdgu to be
transmitted.

DATA TERMINAL. Equipment employed at the end of % txsaum*u
circuit for the transmission and reception of data. It may ineludo end
intumments or signal converters or both.

dba. Se Noise.

dbaO. Bs. Noise.

dbm. db referred to one milliwr4t; employed in communiation work as a
measure of absolute power values. Zero dm equea oe miliwoatt. s.
Noise.

dbm, PSOPHOMETRICALLY WEIGHTED. See Noise.

dbmo. See Noise.

dbmOp. S.. Noise.

dbr. Sw Noise.

dbrn. S. Noise.

DEMODULATION. A proess wherein a wave resulting from provou mod-
ulation is employed to derive a wave having substantially the haracteristics
of the original modulating wave. Se Restitution.

DESIGN OBJECTIVES. Electrical performance characteristics for commu-
nication circuits which are based on reasonable engineering estimates of the
performance required but which have not been confirmed by actual mesas-
urement of operating circuits. A design objet tive is in reality a projected
standard to serve until such time as a system standard can be established
by actual measurement under operating conditions of the developed circuit.
See also System Standards.

DIGITAL ALPHABET OR CODE SET. A table of correspondence between
characters and functioris and the bit structures which represent them.
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DIGITAL SIGNAL. A nominally discontinuous electrical signal that changes j 4
from ams srawe to another in discrete steps. The electrical signal could
champ its amplitude or polarity, for instance, in response to outputs from
computem, teletypewriters, etc. Analog signals may be converted to a digital
form by quantisiag.

DIRWORTION, AMPLITUDE VS. FREQUENCY (of a transmission system).
The distortion caused by the nonuniform attenuation,, or gain, of the system,
with respect to frequency, under specified terminal conditions.

DISTORTION, BIAS. Dstortion affecting a two-condition (or binary)
modulation in which all the significant intervals corresponding to one of the
two significant conditions have uniformly longer or shorter duration than the
corresponding theoretical durations.

DISTORTION, CHARACTERISTIC. Distortion caused by transients which,
as a result of modulation, arr present in the transmission channel and
depend on its transmnission qualities.

DISTORTION CYCLIC (of telegraph signals). Distortion which is neither
characteristic, bias, nor fortuitams and which, in general, has a periodic
cluacter. Its causes are, for example, irregularities in the duration of con-
tact time of the brushes of a transmitter distributor, or interftrence by
disturbing alternating currents, etc.

DISTORTION, DEGREE OF.
(a) Distortion, Degree of Start-Stop. Ratio to the unit interval of the

maximum measured difference, irrespective of sign, between the actual and
theoretical intervals separating any significant instant of modulation (or oi
restitution) from the significant instant of the start element immediately
preceding it. The degree of distortion of a start-stop modulation (or resti-
tution) is usually expressed as a percentage.

(b) Degree of Individual Distortion of a Particular Significant Instant
(of a Modulation or of a ' stitution). Ratio to the unit interval of the dis-
placement, expressed algebraically, of this significant instant from an ideal
instant. This displacement is considered positive wh3n a significant instant
occurs after the ideal instant. The degree of individual distortion is usually
expressed as a percentage.

(c) Degree of Isochronous Distortion. Ratio to the unit interval of the
maximum measured difference, irrespective of sign, between the actual and
the theoretical intervals separating any two sigiiificant instants of inodula-
tion (or of restitution), these instants being not ne'essarily consecutive.
Trhe degree of distortion (of an isochronous modulation or restitution) is.
usually expressed as a percentage.

Note. The result of the measimrenivit should he romupleted by :an iimlieation of the
periol, mmsoaly limited, of the obfervation For a prolougeI ion,)llittiton (oir restitiltion)
it will be appropriate to consider thih probability that fai assigued vahie of lhe dhegree of
distortion will I)e exceeded.
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DISTORTION DELAY (of a transmission system). That distortion caused
by the difference between the maximum transit time and the minimum
transit time of frequencies within a specified band. (Also eal~d Time
Delay Distortion and Phase Distortion.)

DISTORTION, END (of starttop teletypewrier signad). The shifting of
the end of all marking pules from their proper position in relation to the
beginning of the start pulse.

DISTORTION, FORTUITOUS (of telegraph signals). Distortlon resulting
from causes generally subject to madom laws, for ewnple, saddental
irregularities in the operating of the apparsfis sad moving pats, disturbences
affecting th. transmission channel, etc.

DISTORTION, INTERMODULATION. Nonlinear distortion chamater-
ized by the appearance of frequencies in the output, equal to the sams and
differences of integral multiples of the component frequencies present in the
input.

Nou. Harmonic eomposents also present In the. ontput are usually not included an
part of the Intermodulation distortion. When bamronles a included, a stat*mest to
that effect should be made.

DISTORTION, NONLINEAR. Distortion caused by a deviation from
a linear relationship between the input and output of a system or comiposeat.

DISTORTION, PHASE-COEFFICIENT. The difference between thi maxi.
mum transit time and the minimum transit time for frequencies within a
specified band. (See Distortion. Delay.)

DISTORTION, SINGLE-HARMONIC. The ratio of the power at the
fundamental frequency, measured at the output of the transmission systein
considered, to the power of any single harmonic observed at the output of
the system because of its nonlinearity, when a single frequency signal of
specified power is applied to the input of the system; expressed in db.

DISTURTION, TELETYPEWRITER SIGNAL (of start-stop teletypewriter
signals). The shifting of the transition point& of the signal pulses from
their proper positions relative to the beginning of the start pulse. The
magnitude of the distortion is expressed in percent of a perfect unit pulse
length.

DISTORTION, TOTAL HARMONIC. The ratio of the power at the
fundairntal frequency, measured at the output of the transmission systein
considered, to the power of all harmonics observed at the output of tue
system because of its nonlinearity, when a single frequency signal of specified
power is applied to the input of the system; expressed in db.
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DIVERSITY. That method of traunsmission and/or reception, whereby,
in order ;o reduce the effects of fading, a single received information signal
is deqived from a combination of, or selection from, a plurality of signals
containing the same information. Improvement gained shall be expressed
in db.

DIVERSITY, DUAL. The term applied to t0e simultaneous oombining
of two signals and their detection through the use of space, frequency, or
polarization characteristics.

DIVERSITY, FREQUENCY. Any method of transmission and reception
wherein the same informationý signal is transmitted and received sanul-
taneously on two or more distinct frequencies.

DIVERSITY, POLARIZATION. A method of transmission and/or reception
of information accomplished by the use of separate vertically and horizontally
polarized antennas.

DIVERSITY, QUADRUPLE. The term applied to the simultaneous com-
bining of four signals and their detection through the use of %pace, frequency,
or polarization characteristics or combinations thereof.

D•IVERSITY, SPACE. Any method of transmission and/or reception which
emploWs satennas having spatial separation.

DOPPLER EFFECT. The phenomenon evidenced by the change in the
obsawed frequency of a wave in a transmission system caused by a time
rate of change in the effective length of the path of travel be.ween the source
and the point of observation.

DOUBLE SIDEBAND TRANSMISSION. S.e Transmission, Double
Sideband.

DUPLEX OPERATION. See Operation.

ECHO. The effect of a wave which, having been derived (for example by
reflection) from a primary wave, arrives at either end of the same circuit
with sufficient miagnitude and delay.to be distinctly recognized.

E('iHO ATTENUATION. Ihi a four-wire (or two-wire) circuit in which the
two directions of tranmnision can bi, vpirai,.d from each other, the attenua-
tion, it, of the echo currents (which r,,turn to the input of the circuit under
consideration ) is dehtermined by thie ratio of the transwitted power, P'•,
to the echo power received, !,; rxprisstd ini div

EFFECTI VE RAD IATED I'OWER Sit Transmit tr Power Output
Rating.

2-8



DCA CIR 175-2A
1 Apr 63

EFFICIENCY FACTOR, IN TIME (of a telegraph communication). The
efficiency factor of a communication is the ratio of the time taken to trans-
mit R text, automatically and at a specified modulation rate, to the time-
actually taken to receive the same text with a sperified error rate.

N.Aus. (a) The whole of the apparatus comprising the communication is asumed to
be in the normal coynditions of adjustment and operation.

(b) A telegraph communication may have a different efficiency factor in time for the
two directions of tramsmlmion.

(e) The practical conditions of memaurcinent should be specified, in particular the
duration.

EHF (EXTREMELY HIGH FREQULNCY). S.. Frequency Spectrum
Designation.

ELECTRICALLY -POWERED TELEPHONE. Site Telephone Types.

ELF (EXTREMELY LOW FREQUENCY). &e. Frequency Spectrum
Designation.

END DISTORTION. &e. Distortion, End.

END) INSTRUMENT. A device which is connected to time terminal of a
circuit and used to convert usable intelligence into electrical signals or
vice-versa.

EQUALIZATION. The, process of reducing frequency and/or phase distor-
tion of a circuit by the introduction of networks to compensate for the
difference in attenuation and/or time delay at the various frequencies in the
transmission band.

ERRONEOUS BIT. &ee Bit.

ERRONEOUS BLOCK. A block in which there are one or more erroneous
bits.

ERROR BURST. A group of bitA in which two successive erroneous bits,
are alwa.Na separated by less than a given~ number (X) of correct bitA.

Note. The last erroneous bit in a hurst and the first erroneous bit in the following
hurst are accordingly separa~ted by X correct bits or more. The number X should hW
:pecifivil when diescribing ani error hurst

ERR( R-( ORRE( TI N( CODE. A c~ode in which eat-i telegraph or data
signal confornis to sprvcifiv rules fcf vonstruction so tlumt (lelilrturei frmn thin,
v.onstriuctioni in the ret, irel signals (-an be automiatically detected, and
perilitr tile 11utomnlatir' vorrection, at the reccivilig termininal. of sonie or all
of thle error's. Such codles require more signal elemuents, titan are necessary
to convey the basic infornmation.
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ERROR-CORRECTING SYSTEM. A system employing an error-correcting
codc and so arranged that some or all signals detected as being in error are
automnatically corrected at the receiving terminal before delivery to the
data sink or to the telegraph receiver.

ERROR-DETECTING CODE. A code in which each telegraph or data
signal conforms to specific rules of "-onstruction, so that departures from
this constru( tion in the received sig als can be automatically detected
Such codes require more signal elements than are necessary to convey the
fundamental information.

ERROR-DETECTING SYSTEM. A system employing an error-detecting
code and so arranged that any signal detected as being in error is-

(a) Either deleted from the data delivered to the data sink, in some cases
with an indication that such deletion has taken place,

(b) Or delivered to the data sink together with an indication that it has
been detected as being in error.

ERROR-DETECTING AND FEEDBACK SYSTEM (decision feedback
system, request repeat system, ARQ system). A system employing an
error-detecting code and so arranged that a signal detected as being in error
automatically initiates a request for retranslibsion of the signal detected
as being in error.

ERROR; SINGLE, DOUBLE, TRIPLE .... ETC. A group of 1, 2, 3,...,
etc., consecutive erroneous hits, preceded and followed immediately by at
least one correct bit.

ERROR RATE (bit, block, character, element). A ratio of the numnber of
bits, elements, characters or blocks incorrectly received to the total number
of bits, elements, characters or blocks sent.

ERROR-RATE, RESIDUAL (undetected error rr' The ratio of the
number of bits, elements, characters, blocks incc- ty received but un-
detected or uncorrected by the error-control equipment, to the total number
of bits, unit eleinents, claracters, blocks sent.

EXALTED 'ARRIER RECEPTION. A inethod of receiving either anipli-
Ind(, or phiase nioduhit ed signals in %% ;,'i tbV (frrier is septirated from the
sidtcats, tiltered and amp l ified, and th 41t,11 'ined vwith the sidehands
arNin at at Idhier level prior to denwoiulation.

FA('SIMlIE. A lit.:" ,'anning s ysienn of teleromnoinitatlion for the rans-
iission ot fixv, itlinpzs, with or \'.it hot lialftonis, with ,a -iev to their
rerrhductton in a permanent form. (Wir photo and thl(photo are facs'.itle
tirough wire einrits; radio phioto is faciilh, via radio.) t,, (Graplhir'-.

FAI)ING Ti,,. fluctuation in ht in,,ity of any or all freq nv ny critl,,l ten

(if i1, (vii,.d ranlio sig4iil dihu to t 'olum p-, i; tin' titiltr i r,ti'o, t-of lhe lpioprliii -
li m pal h
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F 9ING, FIAT. The type of fading in which all frequency components of
he received radio signal fluctuate in the samne proportion simultaneously.

FADING, SELECTIVE. That type of fading in which the various frequency
components of the received radio signal fluctuate independently.

FAULT. A malfunction that is reproducible, as contrasted to an error,
which, is defined as a malfunction which is not reproducible. A malfunc-
tion is considered reproducible if it occurs consistently under the same
circumstances.

FORMAT. Arrangement of bits or characters within a group, such as a
word, message, or language; shape, size, and general makeup of a document.

FORTUITOUS DISTORTION. See Distortion, Fortuitous.

FREQUENCY.
(a) Assigned Frequency. The frequency of the center of the radiated

bandwidth shall be designated the "assigned frequency." (The frequency
of the RF carrier, whether suppressed or radiated, shall be referred to in
parentheses following the assigned frequency and shall be the frequency
appearing on the dial settings of RF equipments intended for a single side-
band or independent sideband.)

(b) Carrier Frequency. The frequency of the unmodulated carrier.
(c) Characteristic Frequency. A frequency which can be easily identi-

fied and measured in a given emission.
"(d) Reference Frequency. A frequency having a fixed and specified

position with rispect to the assigned frequency. This displacement of this
frequency with respect to the assigned frequency has the same absolute
value and sign that the displacement of the characteristic frequency has
with respect to the center of the frequency band occupied I y the emission.

(e) Frequency Tolerance. The maximum pennissibie departure by the
the center frequency of the frequency band occupied by an emission from the
assigned frequency or by the characteristic frequency of an emission fron
the reference frequency. The frequency tolerance is expressed in parts in lt'
or in cycles per second.

FREQUEN(Y-CHIANGE SIGNALING. A signaling method in which one
or inore partiicular frequencies correspond to each desired signaling condi-
tion of a 'oile. The transition from one set of frequencies to the other bay
be either a comtintuons or a discontinuous change in frequenry or in plmase

(a) Frcotivny-Exchuange Signaling Two-Souree Frequency Ke ing. A
frequeticy-chige signaling meuthod ii whi.hu the change front one signalina.,
condition to another is iL(,'onmpanied lyv dec'ay i', nlipiltudhl of one or more
frequencies andu1 hy buildiup in amplitude of one or nuore other frequencims.

(b) Frequency Shift Keying, Frequency Shift Signaling (FSK). A
frequency-change signaling method in which the frequency or frequenciea
are varied it) ail'vordnIiti', with the signals to lbe transmitted and characrterized
by co'tiviiiliN, of pIhase ihirurig the transition from one signaling 'otdition
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FREQUENCY DIVERSITY. &s Diversity, Frequency.

FREQUENCY MODULATION. See Modulation, Frequency.

FREQUENCY SPECTRUM DESIGNATION.

ELF (ntremely low frnquency), below 0. - -

ILF (Infrs low frequecy) ..... 0. 3-3 ............
VLF (very low frequtney) ..... 3-30 -..------------. 4
LF (low frequency) ............ 30-300 .03-0.3 .... 6
MF (medium frequency)- ------ 3004,000 0.3-3 .
HF (high frequency) ----------.3,000-30,000 3-30 ..... 7
VHF (very high frequency) .....- .......... 30-300 .03-0.3 8
UHF tultra high frequency).-----. ......... 300-3, 000 0. 3-3 9
SHF (super high frequency) .... 3, 000-30, 000 3-30 10
EHF (extremely high frequency)- 30,000-300,000 30-300 11

,fa. ot•.,enu (as) emi kflhmsas7.hs (km.) m svariouo.

FREQUENCY TOLERANCE. See Frequency.

FULL DUPLEX. &ee Operation.

GAIN (TRANSMISSION GAIN). The act;on by which, or the result in
which, the power of an electrical signal is increased; expressed in db.

GRAPH ICS. A method of transmitting visual intelligence via electromagnetic
means that is received at the far end in a permanent formn. (The term
graphics is a broader term than facsimile. Facsimile, however, is a form
of graphics.)

GROUP. See Wideband System.

GUARD BAND. A frequency band between two channels which gives a
margin of safety against mutujd interference.

HALF DUILEX. See Operation.

HIF (H1IGHl FREQUEN('Y). See Frequency spe.trum )esignation.

HIIGI I'ERFORMANC'E EQI 'IMIPMF:NTS. Those cquipnients having suf-
ficiently exacting characteristics to permit their use in trunk or link circuits.
(Note" Requirements for global andi tactical high perfornmunuie equipments
rmmay diffr.)

ILF (INFRA I,)W FREQUENCY Sei Frequency SI)ectrum Iesignation.

IM PEI)ANtE, TERM INl, St% Termintl Ihnpdance.

INDEI''NDI)ENI'T '1IIDEBANDI) T'RANSN.II.;SI( iN .,, Il'rI.,UiI,, ln-
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INDEX OF COOPERATION-DIAMETRAL OR INTERNATION'AL
(FACSIMILE). The product of the drum diameter and the line advance
in scanning lines per unit ]ong&. The unit lmnh must be the same as
that used for expressing the drum diameter.

INFORMATION BITS. 8& Bit.

INFORMATION TRANSFER (User). The finad result of a data trm-
masion from a data source to a data sink. The information transfer rate
may or may not be equal to the transmission modulation rnte.

INPUT-OUTPUT DEVICE. Any equipment which introduces data into
or extracts data from a data communications system.

INSERTION GAIN. The insertion gain of a transmission system (or com-
ponent thereof) inserted between two impedances Z. (transmitter) and Z,
(receiver) is the ratio of the power measured at the re6elver Z, after insertion,
of the transmission system considered, to the power measured before in-
sertion; expressed in db. If the resulting number in db hus obtained is
negative, an insertion lows is indicated.

INSERTION LOSS. The insertion loss of a transmission systsmi (or com-
ponent thereof) inserted between two impedances Z. (transmitter) and Z1
(receiver) is the ratio of the power measured at the receiver Z., before in-
sertion of the transmission system considered, to the power meamauid after
insertion; expressed in db. If the resulting number in db thus obtain"As
negative, an insertion gain ii indicated.

INTERFACE. A concept involving the specification of the interconnection
between two equipments or systems. The specification indudes the type,
quantity and function of the interconnection circuits and the type and form
of signals to be interchanged via those circuits.

INTERNAL BIAS (TELETYPEWRITER). That bias, either marking or
spacing, that may occu- within a start-stop teletypewriter receiving mechan-
ism and which will have the same effect on the margins of operation as
bias external to the receiver.

I-SO('HRONOUS MODITLATION. See Modulation, Isochronous.

LF (L()W FREQUENCY). See Frequency Spectrum Des;gnatioii.

LIMITER. A device which reduces the power of an Plectrical signal when it
exceeds a spocified value. The amount of reduction or compression in-
creases with increase of the input power.

LINE SIDE. That portion of a device which looks toward the tranan imion
path (linr circuit, loop, trunk).
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(a) A portion of a communiestion, circuit.
(4) A chaiund u.e circud& designed to be connseetd in tandem with other

ellannels or circuits.
(c) A radio path between two points, called a radio link; the resultant

circuit may he unidir'ectional, half duplex, or duplex.

Nuic. Theterm "li1sh" should be ded or qualified wbbn used. Itls generally cempted
that the uguals as ese and of a Bank ase in the some form.

LOCAL LINE, See Loop.

DOCAL SIDE. That portion of a device which looks toward the internal
station facilities.

LOOP. A loop is a single message circuit from a switching center and/or indi-
vidual measage distribution point to the terminals of an end instrument.

(a) Line Loop. The portion of a radio or wire circuit~ thast connects a
user's end instrunent and a central office. (Synonymouz tern a a: P "local
line" and "user' I~s.

LOW PEIFORMANCE EQUIPMNENTS. Those equipme-its having insuffi-
ciently exacting characteristics to permit their use in truik of link circuits.
Such equipments may be emr~loyed in loop circuits whenever they meet loop
circuit requirements.

MARKING PULS8E. Sre Pulse, Marking.

MASTER GROUP. qee Wideband System.

'MESSAGE. A communication from a source to one or more destinations in a
suitable language.

MESSAGE SWITCHING. Set Switching, Meesage.

NIV (MEDIUTM FREQULENCY). See Frequiency Spectrum D~esignation.

MODEM. Acro: tym for niodulator-demodulator.

MODULATION. The proreas of valrying some rharactetriaticst of the carrier
wave ill aceordance with the instalit aieouis vaidue, or suiuiples, of the intelli-
gence to hie transmitted See also Carrier.

MIODULIATIO)N, A\MITI'IT~)E (AMI). 'rhe foruin of modulation ill whichl thle
amplitude of the carrier is viiried inl accordance with the instantaneous valuie
of thle muodult&-ig signal.

MODI)ULA'rlON, !)IFF'KiN'rTAl.. A ty*pe of uinduulaiion III whivih the
choinice (of~ thle sit .,Ilit il t condlition for tnit% .qigIIal elenwu lit is doendeiiletit Oil itit.
riolcer ftor the ;Ort'viois slini elemenictt. Delta inotliut olon is nim examllple
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MODULATION, FREQUENCY (FM). The form of modulation in which the
instantaneous frequency of a sine wave carrier Is caused to de~art from ttic
carrier frequency by an amount proportional to the instantaneous value of
the modulating s*Ial.

MODULATION, I8OCHRONOUS, Modulatim (or deasdulation) in which
the time interval separating any two significant instaits is tlioretically
eoual to the unit interval or to a multiple of this.

MODULATION, PHASE (PMI). The form of modulation in which the &ng&
relative to the unmodula"d carrier angle is varied, in aneerados with the
instantaneous value of the amplitude of the mudula*ing mips1.

MODULATION, PULSE AMPLITUDE (PAM). The form of modulation
in which the amplitude of the pulse carrier is varied in accordance with
successive samples of the me4ulating signal.

MODULATION, PULSE CODE (PCM). The form of modulation in WVich
the modulating signal is sampled, and the sample quantised and coded so
that each element of information consists of diferent ki and mfor number
of pulses and spaces.

MODULATION, PULSE FREQUENCY (PFM). The form of modulation
in which the pulse repetition frequescy of the carrier is varied in accordance
with s' eceuive samples of the modulating signal.

MODULATION, PULSE TIME (PTM). The form of modulation in which
the time of occurrence of some characteristics of the pulse carri* is varied
in accordance with successive samples of the modulating signal. (This
includes pulse position and pulse duration or pulse width modulation.)

MODULATION RATE. Reciprocal of the unit interval measured in seconu.
(This rate is expressed in baud,.)

MODULATION WITH A FIXED REFERENCE. A tye of modulation in
which the choice of the significant condition for any signal element is based
on a fixed reference.

NECESSARY BANDWIDTH. _ee Bandwidth, Occupied.

NODE. A1lso calld Junctior Point, Branch Point., or Vertex, A terminal
of any branch of a network or a terminal common to two or more branches
of a network.

NOISE, INTERMODUIATION (Radio System). In a transmission path
or device, that noise which is contingent upon modulation and results from
any nonlinear characteristic in the path or device.
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of 144-line, 144-receiver, or C-meesage weighting, or flat weighting, shall
be indicated in parshtheses as required. Sre -Noise Weighting.

Not".. (1) With C-oeusage weighting, a I maIlliwatt 1,000) cps tone will read + 90
dbrn, but the sawe poer as white noole, andomly distribsted-swvu a 34te bond (nominally
100 to 3,3009 aps) will read appeoxisnately +811.6 dbi~n (raundud e# to *9M'fru), due to
the freqeney wuigtieg.

(2) With 144 weightiap, a 1 milliwatt, 1,000 eop towa wil she ,04 + 96 dwk, but *Ae
*amne 3-he white noise p.'wer will read only + U dbr, dueto Oh.dKlemtrfe#idey weijt-
lag.

()dbrn (144-line). Weigted circuit noise Vo*sw hin bf;#s@ on
a line by a noise measuring met with l444ble wtighting. .&* Noiss Weighfing.

(mn) dbrn (144--recsiver). Weighted circuit nolie powesr In db~b, measued
a-r the receiver of a sabeet with No. 144-receve, by at n"h*uaswim
set with 144-receiver weighting. See Noise Weighting.' '~

(n) dbrn (C-measge). Weighlted circuit noise pewa hat dbe..meawsured
on a line by a noise measuring set with C-memage welgighti. Sm. No~ise
Weighting.

(o) dbrn Cfr -I:). Flat noise power in dbmu, indeured over the frsqaaenay
band betweenlfrequencies j, sad f,.. N'e osW.izhtUg(MitWeighting).

(p) P8SOPHOMETRIC VO)LTAGE, or 141 '1160etric PA." M~cuit
noise voltage measured on a liue with a Apbeupeendw bI ind~dsa &(X!JF-
1951 weighting network. See Noise Weighting.

Ned.. (1) Do not eonf ue wit "pmopbosetule emf,' esmnelved ofv Oi. W 1to' a
goeraioa (or line) with 6000 abas intv~ad ruistase, andbeese, forpsi~ ~'a
numerically. doubl, the coresepondlmg peopbacwtde voltall.'

(2) Peophometrle voltage ftadiap ane eommonly saovetetd to dba (~b),by the
relation.'

dim (pe~pk-201e,.-6T.IS (Vinpeopbometriimillvolt)),

(q) pw. Picowatt, equal to 10-1 watt, or -90 dbun. A ur~t of sbookke
power commonly used for both weighted and unweighted dse.- '06Unts
maust be olserved.

Net.. Conversion relations: 10 hfeptep-sibs-f

(r) pwp. pw, peophoinetriceily weighted. &s. pw, ai~d Nola -Weigttig.

NOISE WEIGHTING. In measurement of circuit naie, a specific amplitude-
frequency characteristic of a noise measuring set, designed to give numerical
readings which approximate the amount of tranazrrk lion impairthent due to
the noise, to an average listener using a particular J~ass of telephone subset.

Nowe. The noise weightings generally used were estubished by agencies coneec d
with public telephone service, and ame based on cha-acterlatlcs of specific commercial
telephone subsets, representing ruccesuive stages of technological development. The
coding of commercial apparatus appe'rur in the nomenclature of certain weightinigs. The
same weighting nomenclature and units are used in military vers~i ns of commercial noise
measuring sets.

(a) 144-Line Weighting. A noise weighting used in a noise measuring get
to niew~ure- noise on a line that would be terrinated by a subset with No.
144-receiver, or a similar subset. The meter scale readings are in dbrn
(144-line).

Vale. This type of subfset, deakboand with hatid receiver, Is obsolete.
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(b) 144-Jleceiver.WeightLing. A noise weighting used in it noise ineasuriuig
set to ineasure noise across tie receiver of a subset equippedl with No. 144-
receiver. The mneter scale readings are in dbrn (144-receiver).

M.~k. This type of subset, deasktand wit.h hand receiver, is obsolete.
(c) FIA-Line Weighting. A. noise weighting used in a noise mieasuring set.

to meaure on a line that would be terminated by a 302-type or similar subset.
The mtr scwale readunp are in dba (FIA).

(d) HAl-Receiver Weighting. A noise weighting used in a noise mneasur-
ing set to nteaiars noise across the HAl-reaeiver of a 302-type or similar
subset. The nitetr scale readings ane in dba (HAI).

(t) C-Messag Weighting. A noise weighting used in a noise mieasuring
set to measure noise or, a lUn that would be terminated by a 5M -type or
similar subet. Ihe neteracala readings are in d~brn (C-message).

(f) Flat Weighting. A noise aneasurinu set amplitude-frequency charac-
teradtc which is flat over a specified frequency range, which mnust be stated.
Flat noise power may be expressed in dbrn (f, -f2), or in dbnt (J, -f2). The
terms 1-ke. FULt Weighting, and 15-Icc Flat Weighting are also ubed, for
charseteristirs Buat front 30 cps to the upper frequency indicated.

(g) Neophonietric Weighting. A noise weighting established by the
International Consultative Commuittee for Telephony (CCIF, now CCITT),
designated as (NIF-1951 weighting, for use in a noise mneasuring set or
"Peophonieter." The shape of this characteristic is virtually identical to
thqt of 71 A weighting. Tlie Psophonieter is, however, calibrated with a
tone of 800 eps, 0 dbini so that the corresponding voltage across 600 ohnis
produces a reading called 0.775 volt. This introduces a 1 dl1 adjustment4
in the formulas for conversion with dba. &ec Noise Measurement Units,
d~brn psophometrically weighted.

NOISE LEVEL, CARRIER. See Carrier Noise Level.

NOMINAL BANDWIDTH. See Bandwidth, Occupied.

OCCUPIED BANDWIDTH. See Bandwidth, Occupied.

ONE-WAY REVERSIBLE. See Operation.

OPEN-CIRCUIT WORKING. A miethod of single current operation in
which no current flows in the circuit while the transmitting device is at ret.

OPERATION.
(at) Broadcast. Thait type of operation in which a transinitting point

einits inforimation whieh mayv he received by one or nimore stations.
(b) Conference. A formn of sininplpx operation in which it number of

statioll., lull sillI ilnt aneously exchange information earry on con vernations,
or pass niutssages auinong themselves.

(c) Duplex (Full Duplex). A type of operation in which simultaineous
t wo-wa ' conversations, messages, or inforimittion may he passed between
allY two or miore gvive point%.
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(d) half-Duplex (Single Telegraph Operation).' A circuit designed for
duplex operation, but which on account of the nature of the terminal equip.
ments. (an be operated alternately only.

(e) One-Way Reversible. Similar to half-duplex operation.
(M) Push-to-Talk (Pres-To-Talk). See Simplex.
(g) Simplex. That type of operation which permits the tmiission of

signals in either direction alternately.
(h) Speech-Plum-Duplex (or Simplex). A mlthod of operation in which

speech and telegraphy are transmitted simultaneoudy over the same circuit.
(i) Unidirectional (Send Only) (Receive Only). A method of operation

between terminals one of which is a transmitter and the other a receiver.

ORDER WIRE. (Also caUed Serviee Wire, "nginemeing Circuit, or Speaker
Circuit.) A circuit for use by maintenance personnel for comniuunicatiom.
incident to lineup and maintenance of communication facilities.

OUTPUT RATING. See Transmitter Power Output Rating.

OVERHEAD BITS. See Bits.

PEAK ENVELOPE POWER. See Transmnitter Power Output Rating.

PHASE DISTORTION. See Distortion, Delay.

PHASE DISTORTION COEFFICIENT. See Distortion, Phase Cosient.

PHASE MODULATION. See Modulation, Phase.

PILOT (in a transmission system). A signal wave, usually a single ft"eay,
transmitted over the system and used for either level control, synchronization,
or both.

POLARIZATION DIVERSITY. See Diversity, Polarization.

PROGRAMMER. That part of digital apparatus having the function of
controlling the timing and sequencing of operations or a person who prepares
sequences of instructions for a computer.

PSOPHOMETRIC VOLTAGE. See Noise.

PULSE. A signal characterized by the rise and de.aý in time of a quantity
whose Nalue is normally constant.

PTITSE AMPLITUDE MODULATION. See Modudation. Pulse Amplitude

PU" E 'ODE MbODULATION. See Modulation, Pulse ('ode.

PULSE DECAY TIME. The time required for the instantaneous aiplitude
to go from 90 percent to 10 percent of the peak value.

PULSI E FREQUENCY MODULIATION. See Modulation, Pulse Frequenuy.
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PULSE, MIARKING, TELETYPEWRITER. That significait conidition of
a niodidation which resutIte in an active selecting operation in a receiving
apparatus. See Significant Condition.

PULSE RISE TIME. Th6 time required for the instantaneous amplitude to
go frohl 10 percent to 90 percent of the peak vahtke.

PULSE, SPACING, TELETYPEWRITER. That significant condition of a
modulation which results in a passive selecting operation in a receiving
apparatus. See Significant Condition of a Moduiation.

PULSE TIME MODULATION. See Modulation, Pulse time.

PUSH-TO-TALK. &W Operation.

pw. So# Noise.

pwp. S•e Noise.

QUASI-ANALOG SIGNAL. A quasi-analog signal is a digital signal, after
conversion to a form suitable for transmission over a specified analog channel.
The speeificati6n of on analog channel would include frequency range,
frequency bandwidth, S/N ratio, and envelope delay distortion. When
L: i form of signaling is used to convey message traffic over dialed up tele-
phone syVem it is often referred to as voice-data.

REDUNDANT CODE. A code using -more signal elements than necessary
to represent the intrinsic information. For example:
. (a> A five-unit code using all the characters of International Telegraph

Alphabet No. 2 is not redundant.
(b) A five-unit code using the digits only in International Telegraph

Alphabet No. 2 is redundant.
(c) A seven-unit code using only signals made of 4 "space" and 3 "mark"

is redundant.
(d) Ark eight-unit code using one of the bite for parity is redundant.

REFERENCE LEVEL, SINGLE SIDEBAND EQUIPMENT. (Voice Fre-
quency Input Power to a Transmitter, one Sideband Only.) The power of
one or two equal tones which together cause the transmitter to develop its
full rated power output.

REFLECTION COEFFICIENT
(a) The reflection coefficient at the junction of a uniform transmission

line and a mismatched terminating impedance is the vector ratio of the elec-
trie field associated with the reflected wave to that associated with the in-
cident wave.

(b) At any specified plane in a uniform transmission line between a source
of power and an absorber of power, the reflection coefficient is the vector
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ratio of the electric field associated with the reflected wave to that aociated
with the incident wave. It is given by the formula:

(Z,-Zi)/(Z,+Z,)

where Zi is the impedance of the source and Z9 is the impedance of the lood.

RELATIVE TRANSMISSION LEVEL. The ratio of the test tone power
at any point in a transmission system to the test tone powe. at some point
in the system chosen as a reference point. The ratio shald be epressed in
db. The transmission level at the transmitting switchbc.ird is frequently
taken as the zero level reference point. See Zero Transmivion Level Ref-
erence Point.

REMOTE CONTROL EQUIPMENT. The apparatus usel for performing,
monitoring, supervising, or a combination of these, a prescribed function or
functions at a distance by electrical means.

REPEATER. A device which amplifies or reshapes and/or retimes an input
signal for further retransmission.

(a) Broadcast Repeater. A repeater connecting several channels, one
incoming and the othe, 'u4'oing.

(b) Conference Repeater. A repeater connecting several circuits, which
receives telegraph signals from any one of the circuit* and automatically
retransmits them over all the others.

(c) Regenerative Repeater. A repeater in which the signals retrans-
mitted are reshaped and retimed.

RESTITUTION (Demodulation). Series of significant conditions deternnined
by the decisions taken according to the products of the demodulatiop proces.

RETURN LOSS. The return loos at the junction of a transmismion line and
a terminating impedance ia the ratio, expressed in db, of the rdected wave
to the incident wave. More broadly, the return loss is & measure of the
dissimilarity between two impedances, being equal to the number of decibels

lrich corresponds to the scalar value of the .reciprocal of the reflection
coefficient, and hence being expressed by the formula:

S!Z, + Z2Zfloai+ Z db

where Z, aMid Z2 are the two impedanflces.

RF BANDWIDTH. St, Bandwidth, Occupied.

SELECTIVE FADING Set Fading, Selhetive.

SERVICE BITS. Sit Bits.

STIF (SUPER HlIGH FREQUENNCY). ,qeo Frequency Spectrum Designation.
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SIDEBANDS. The spectral energy dia.tributed above arnd below a carrier
resulting from a modulation process.

SIGNAL ELEMENT. Each of the parts constituting a telegraph or data
signal and distinguished from the others by its nature, magnitude, duration
and relative position (or by one or some of these features only).

SIGNALING, COMMON BATTERY. A method of actuating a line or
superviso,,y soial at the distant end of a telephone line by the closure of a
dc circuit.

SIGNAL CONVERTER. A device in which the input and output signals
art formed according to the mine code, but not according to the same type
of electrical modulation.

SIGNALING, INBAND. Signaling which utilizes frequencies within the
voice or intelligence band of a channel.

SIGNALING, OUT-OF-BAND. Signaling which utilizes frequencies within
the'guamd band between channels. This term is also used to indicate the
use of a portion of the channel bandwidth provided by the medium such as
the carrier channel, but denied to the speech or intelligence path by filters.
It rsults in a reduction of the effective available bandwidth.

SIGNALING, RINGDOWN. The application of signal to the line for the
purpose of bringing in a line signal or supervisory signal at a switchboard or
ringing a user's instrument. (Historically, this was a low frequency (about
20 cpl) signal from the user on the line for calling the operator or for dis-
connect.)

SIGNIFICANT CONDITION OF A MODULATION. A condition assumed
by the appropriate device corresponding to the quantized value (or values)
of the characteristic (or characteristics) chosen to form the modulation.
"The following equivalent designations are used to identify the significant
conditions for binary modulation:

Puel Attire
FP.l•qacp "A Frepo'cj CiAt

A Z
0

Current Off Current (on
Tone Off l one On

Space M arl,
- +

No Hole (paper tape) Iuoh, tpaper tapei

SIGNIFICANT INSTANTS. The instants at which the successive significant
Conditions recognized by thi .appropriate device of the modulation or resti-
tution begin. Each of these instants is determined as soon an the appropri te
device takes up the significant condition usable for a recording or a procissing.

SIGNIFICANT INTERVAL. Time interval between two conserutive
significant instants.

2-22



DCA CIR 175-2A

I Apr 63

SIMPLEX. See Operation.

SINGLE-HARMONIC DISTORTION. See Distortion, Single-hannonie.

SINGLE SIDEBAND TRANSMISSION. See Tranamission, Single Sideband.

SKEW (FACSIMILE). The deviation of the received frame from the rec-
tangularity due to aaynchronism between scanner and recorder.

SOUND-POWERED TELEPHONE. See Telephone Types.

SPACE DIVERSITY. See Diversity, Space.

SPACING PULSE. See Pulse, Spacing.

SPEECH PLUS DUPLEX. See Operation.

STANDARD TEST TONE. For use at the 600 ohms audio portions of a
circuit; shall be one mw (0 dbin) with a frequency of 1,000 cps, and xhagl b
applied at a zero transmission level reference point. (If applied to a point
with a relative level other than zero, the absolute power of the tone shall be
adjusted to suit the relative level at the point of application.)

STORE-AND-FORWARD. See Switching, Message.

SUBCARRIER. A carrier which is applied u modulation on another cirnier,
or on an intermediate subcarrier. See a/eo Carrier.

SUPERGROUP. See Wideband System.

SUPPRESSED CARRIER TRANSMISSION. See Transmission, Suppressed
Carrier.

SWITCHING CENTER. (Also csld Switching Facility, Switching Ex-
change, or Central Office.) An installation in a communication system in
which switching equipment is used to interconnect communication circuits
on a message or circuit, switching basis.

SWITCHING CIRCUIT. The terni applied to the method of handling
traffic through a switching center, either from local users, or from other
switching centers, whereby a distant electrical connection is est.blished
between the calling and called stations.

SNW'ITCHIN(;, MESSAGE. The term applied to any indirect or store-and-
fcrward traffic through a switching center, either from local users or from
other switching centers. Message switching, or store-and-forward, is the
technique whereby messages are transmitted link by link through the
coinmnunication network of switching centers.
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SYSTEM STANDARDS.

(a) Tire minimum required electrical performance charaeteristics of
communication circuits which are based on measured performance of
developed circuits under the various operating conditions for which the
circuit. were designed.

(b) The specified characteristics not dictated by electrical performance
requirements but necessary in order to permit interoperation. (For example,
the values for center frequencies for telegraph channels, test tone, etc.)
&e also Designed Objectives.

SYSTEM, SYNCHRONOUS, A system in which the sending and receiving
instruments are operating continuously at substantially the same frequency
and are maintained, by means of correction if necessary, in a desired phase
relationship.

TELECOMMUNICATIONS. tny transmission, emission, or reception ol
signs, signals, writings, images, and sounds or intelligence of any nature by
wire, radio, visual or other electromagnetic means.

TELEPHONE TYPES.
(a) Electrically-powered Telephone. A telephone in which the operating

power is obtained either from batteries located at the telephone (local battery)
or from a telephone central office (common battery).

(b) Sound-powered Telephone. A telephone in which the operating
power is derived front the speech input only.

TERMINAL IMPEDANCE. The complex inpedance as seen at the unloaded
output or input terminals of a transmission equipment or line which is
otherwise in normal operating condition.

TEST-TONE, STANDARD. See Standard Test-tone.

TOTAL-HARMONIC DISTORTION. See Distortion, Total-harmoic.

TRANSITION, SIGNAL. The change from one signalin,. condition to
another; for example, the change front "mark" to "space" or front "space"
to "mark." See asio Pulse, Marking and Pulse, Spacing.

TRANSMISSION, ASYN('HRONOUS. A transirission process such that
between any two significant instants in the saume group,* there is always
an integral number of unit intervals. Between two significant instants
located in different groups, there is not always anr integral numitber of unit
interval!.

'TRANSMISSION, DOUBLlE-C'URRENT (POLAR DIRE('T-4'IRRENT
SYSTEM). A form of binary telegraph transmission in which positive and
negative direct currents denote the significant conditions

"4n Rd trusnnmir ion this Frnup s at bok wr & chmt:wttr

I1 v¶'gr.%h t'Is froul, .a a'hal r
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TRANSMISSION, DOUBLE SIDEPAND. That method of communication
in which the frequencies produced by the proces of amplitude modulation
are symmetrically spaced both above and below the carrier frequency and
are all transmitted; this is conventional AM.

TRANSMISSION, INDEPENDEN'T SIDEBAND (TWIN SIDEBAND).
That method of communication in which the frequencies produced by the
procem of amplitude modulation on opposite sides of the carrier are not
related to each other, but are related separtely to two sets of modulating
sign.%Is. The carrier frequency may be either transmittad or suppressed.

TRANSMISSION, PARALLEL (COINCIDENT TRANSMISSION). The
simultaneous transmission of a certian number of signal elements. For
example: Use of a code according to which each signal is characterized by a
combination of 3 out of 12 frequencies simultaneoulsy transmitted over the
channel.

TRANSMISSION, SERIAL (SEQUENTIAL TRANSMISSION). Trans-
mission at successive intervals of signal elements constituting a data or
telegraph signal.

Note. The sequential elements may be transmitted with or without Interruption,
provided that they are not transmitted simultaneously.

TRANSMISSION, SINGLE-CURRENT (NEUTRAL DIRECT-CURRENT
SYSTEM). A form of telegraph transmission effected by means of
unidirectional currents.

TRANSMISSION, SINGLE SIDEBAND. That method of communication
in which the frequencies produced by the procem of amplitude modulation
on one side of the carrier are transmitted and those on the other side are
suppressed. The carrier frequency may be either transmitted or suppressed.

TRANSMISSION, SUPPRESSED OR REDUCED CARRIER. That
method of commilnication in which the carrier frequency is suppressed
either partially or to the maximum degree possible. One or both of the
sidebands may be transmitted.

(a) Transmission, Double Sideband Suppressed Carrier. That method
of communication in which the frequencies produced by the process of
amplitude modulation are symmetrically spaced both above and below
the carrier. The carrier level is suppressed to a value of at least 4.5 dh
below the level of the transmitted sidebands.

TRANSMISSION, SYNCHRONOUS. A transmission process such tiat
between any two significant instants in the overall stream, there is always
an integral number of unit intervals.

TRANSMISSION, VESTIGIAL SIDEBAND. That method of communi-
cation in which frequencies of one sideband, the carrier, and only a portion
of the other sideband are transmitted.

2-25



DCA CIR 175-2A
1 r 463

TRANSMIT'TER POWER OUTPUT RATING.
(a) Whenever the power of a radio transmitter, etc. is referred to, it

shall be expressed in one of the following forms:
(1) Peak envelope power (pp), sometimes abbreviated (pep).
(2) Mean power (pm).
(3) Carrier power (pc).

(b) For different classe of emission, the relatioushipe between peak
envelope power, mean power, and the carrier power are defined ss follows:

(1) Peak Envelope Power of a Radio Transmitter: The power supplied
to the antenna transmission line by a transmitter during one radio fre-
quency cycle at the highest crest of the modulation envelope, taken under
conditions of normal operation.

(2) Mean Power of a Radio Transmitter: The power supplied to the
antenna transmisuion line by a transmitter during normal operation,
averaged over a time sufficiently long compared with the period of the
lowest frequency encountered in the modulation A time of one-tenth
second during which the mean power is greatest will be selected normally.

(3) Carrier Power of a Radio Transmitter: The average power supplied
to the 4ziteana transmission line by a transmitter during one radio fre-
quency cycle under conditions of no modulation. This definition does
not apply to pulse modulated emissions.

(4) Efective Radiated Power: The power supplied to the antenna
multipliWd by the relative gain of the antenna in a given direction.

TRANSPOSITION (data or telegraph transmission). A transmission defect
in which, during one character period, one or more signal elements are
changed from one significant condition to the other, and an equal number of
elements are changed in the opposite sense.

TWO-TONE TELEGRAPH, TWO-TONE KEYING. A system employing
a transmission path comprising two channels in the same direction, one fnr
transmission of the space elements of a binary modulation, the other for
transmitting the mark elements of the same modulation.

UHF (ULTRA HIGH FREQUENCY). See Frequency Spectrum Designa-

tion.

UNIDIRECTIONAL. See Operation.

UNIT INTER, AL. In a sqsteni using in equiat-liigth code or in It systemi'
during isochronous modulation (or dlelnodulitioI), it i• the interval of tiniv
such that the theoretical duration of the sv.nificiant intervids of a telegraph
modulation are all whole multiples of this interval.

USER'S LINE. See Ioop.

VESTIGIAI, SIDEBAND TRANSMISSION. S,, Trnaytstiossim, Vvstigial
Sideband.

VitF O'ER V II I;I I FEQHE1 ')N). Su, Frrquacnv ,'pvtniw ii")1r, titiri
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VLF (VERY LOW FREQUENCY). &et Frequency Spect, "An Designation.

vui. Volume unit, the unit of measurement for electrical speech power in com-
munication work as measured by a vu meter in the pnecrib•ed manner. The
vu meter is a volume indicator in accordance with Americn Standards
Association e 16.5-1942. It has a db scale and Splcillad dynamic and other
characteristics in order to obtain correlated readings of speech power nee.-
sitated by the rapid fluctuation in level of voice euruts. Zero vu equals
zero dbm in measurement of sine wave test tone power.

WEIGHT'NG. Ste Noise.

WIDEBAND SYSTEM. A system with a multichannel bandwidth of 20 kc
or more. .(A/so /eoed Broadband System.)

(a) GROUP. A subdivision containing a numbw of voice channels,
either within a supergroup or separawely, normally comprised of up to 12-
voice channels occupying the frequency band 60-108 kc. Each voice
channel may be multiplexed for teletypewriter operation, if required.

(b) SUPERGROUP. Normally 80-voice channels of a wideband path
or five groups of 12-voice channels each and occupying the frequency band
312-522 kc.

(c) MASTER GROUP. Supergroups 4 to 8 form the basic master group
which occupies the frequency band 60-2,540 kc.

WORD (TELEGRAPH). By definition a telegraph word shall consist of
six-character intevals when computing traffic capacity in words per
minute.

Mod ratex 10
wpm- Units per character interval

ZERO TRANSMISSION LEVEL REFERENCE POINT. An arbitrarily
chosen point in a ci-cuit to which all relative transmission levels are -eferred.
The transmission level at the transmitting switchboard is frequently taken
as the zero transmission level reference point. See also Relative Trans-
mission Level.
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3. Gleba Transmsion System
2.L1 Qeww. DC8 Reference Circuit (Wideband Systems): The DCS

Reference Circuit for Wideband Systems in a four-wire, rnominal 4-kc tele-
phone type circuit, 6,000 nautical miles loef, for the transmission of telephone,
tWletypewuitt, graphie and data communications signals and control signals.
Th composition of the DCS Refweese Circuit (Widebuind Systems) is shown
in figur 3.2.1. It consiste of six links, each nominally 1,000 nautical miles
long, interconnected on a four-wire bash at audio frequency. Each has three
sections aominlly 333 nm long, coausing of wire or radio facilities with
intermediate repeatem, as required, and equipped with frequency division
multiplex equipment.
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3.2.2.4 Tropospheric &a~ter .stenw.
3.2.2.4.1 DSC Reference (ircW (Tropospheric Sbter). The composi-

tion of the DCS Tropospheric Scatter Reference Circuit coincides with that
of the DCS Wideband Reference Circuit described in paragraph 3.2.1. The
DCS Tropospheric Scatter Reference Circuit is further described in the follow-
ing paragraphs in terms of its transfer functions and interface parameters.
Actual tropospheric scatter circuits which are a part of the DCS shall be de-
signed to have these transfer functions and interface parameters.

3.2.2.4.1.1 Transfer Function Paramtersr. The trandw function param-
eters define the properties of the DCS Tropospheric Reference Circuit in
terms of circuits utilizing 4-ke channel allocations involving the various distor-
tions, noise, stability, adjustment, and signal level loading. As indicated in
table 3.2.2.4.1-1, the parameters may be defined within three espect.: overall
reference circuit, transmission medium (including repeaters), and multiplex
equipment (for one nominal 1,000 nm link).

3.2.2.4.1.1.1 Insertion Loss w. Frequency. The response characteristics
are stated in terms of insertion loss referred to the 1,000 cps lods. Thus, a
positive figure denotes lower response, and a negative figure indicates a higher
response relative to 1,000 cps.
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Table 8......Transissiuon S'pecifications for- DCS Reference Circuit Transfer Function

circlfG.O nm Tristimmlnsloo
1'awter(a lnks) tuadium, fr- M~uliplax equipment

- . ~ - ,dedinif re- 0 link only)

(6 links)

Insertion loes-frequency, re~f. ttt 1,000
Cps: .- - - -- +.-.d

600-1,400 cps ---------- +4040d ------ +0. 7-0. 7 db
400-3,001 cps ------------------ +0. 0-4. 0 db------------- + 1. 5-0. 7 db
3 ,00-3,400 eN --------- --------- 4- 1& 0-4. 0db------------- +&. U-0. 7 db

Envelope dviliy dibitortion, 1,000-2,600W
"pamax-......;-----------------1,0pae---------100MO 160 !;ýec

Median r~olse level, froin nll sources,-
during.timi block 2:

Peoptiometicaliy weighted at ow Irderstdiate
OTLP,ýpwp:---,----------------25, 000 20, 000 475 815

EqA~v. whitk noise, F IA line wtg,
dbdý ............ 3....X0 37.0 20.8 23. 1

Harmonic distortion----------------------- ---------------- -40 dbinO
Gain', change for otit- + 3. 5 dbrnO----------------------- 0. 35 (9, rnax
* put le~vel increase + 12. 0 dbmO------------ ---------------- 6. 0 db mini

from 0 dbmO, to-
Net lces variation, max at 1,000 cps

audio, or at any baseband freqtiency. ±2. 0 1 h ±0. 5 db ±0. 2 db
Level adjustability ----------------- -------------- -±0. 5 db ±0. 5 db
Max.-overaf chtinge it, any audio freq.± 2 cpý --- ± 2 cps
Stability of multi- Initial setting

picA frequency to---- -------------------------- 2 partsa in 10'
gener itor. Drift per month ------------------- ------- --- 2 prrt.H in 101

Single tone inttrference------------------ 24 (lbaO........................---
Max. data/telegraph levels, single-------------------------- (FSK)-13 dhm()

channel high speed. I --------------------- (ANI)-l0 (lhflO
Speech level.................................--1h tl~rn

I~~-l' ---------- I)

Noe: I Tim nolie power sluill be olividel,',I ,clo Oth LM)I I'wp I! ýIvmgflu- 1"Ole IilIIgI4 'rtI 1tlri III20,rtA lI)WI,
to the trinrsndilssion tiediat.

2. The alloviable tr .iiI.'Imuri medina nolr-r In av~,ctI on oft Ienvoi~iI r. nnui~u1c- nw i. (, im-~' I hall fill. C.,(W~-fal~gltiva

oh lle refcere ,e vicrtll 11 1, I. oln't bly-

No.- XlIKE ) "%1

3. TIhu~ wtut nut', sihuII not vltvd 316',W )~ lpwu (4- that)) I-iiahiolul III mn %*.,Ill, Ill-- biii ", uimti:ill.l 'I I

ikwruunt -Iiiariii time mtwv '--; N'ý 1,ir. 3.2 2AAA.:.

*Single Link (.1innnel FreqJIenc!/ Th'.vpolf-

T1he frequency response referred to 1,0001 cps for1 t hv mitlt Iipl(X -,-ItIlpl )iet~

(I link only) shall bp a~s follows:

600-2,400 cps------------------------ --- -0. 7 -0.7 (lb
400--3,000 cps --------------------------- +1. 5 -0.7 (11
.300-3,400 cps ----------------------------- 3.0 -0.7 (11)
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Overall Circuit Frequency Riesponae

The frequency response referred to 1,000 cps for the overall 6,000-nautical
mile circuit shall be as follows:

600-2,400 cps------------------------ -+4.0 -4.0 db
400-3,000 cpa------- ----------------- +9. 0 -4.0 db
300.-3,400 cpsa------------------------ + 18. 0 -4.0 db

3.2.2.4.1.1.2 Envelope Delay Distortion. The envelope delay distortion
(differential time delay between any two frequencies between 1,000 to 2,600
cpa) shall not exceed 1,000 microseconds over the 6,000-nautical mile reference
circuit or 160 microseconds for the multiplex equipment of one link back to
back. Delays are taken to be directly additive.

3.22.4.1.1.3 Total Noise. The following standard applies to noiee froom
all sources in any channel of a system in which the entire basebend is loaded
with white noise at a level equivalent to the levels specified in CCI R RecAom-
mendation No. 294, when the number of channels is taken to be two-thirds of
the actual number of channels. (C'CIR Recommendation No. 294 is con-
tained in paragraph 3.2.2.4.8.3.)
The median of hourly median values of noise from all sources on any channel
of a system composed of tropospheric scatte. hope in tandem over a 6,000-
nautical mile reference circuit shall not exceed 25,000 picowatts (pw), psophoi-
metrically weighted (38 dba PIA weighted) at zero relative level, during-tim
block 2.' The median noise power shall be divided such that 6,000 pwp is
assigned to the multiplex equipment and 20,000 pwp to the transwmission me&&a.
The allowable transmission media noise in a section of length L nautical milles
is found by the following:

Noise = L- X20,000 pwV

The total noise over a 6,000 n.m. reference circuit shall not exceed 318,000
pwp (49 dbaO) ninore than a cumulative 0.1 % of time block 2. For a portion
of the system L nautical miles in length, the total noise shall not exceed

316,000 pwp more than a cumulative -- L)(. I% of time block 2.
6,000

In any system, the .:ian noise level and the percent of time for which 49
dbaO is exceedIed vc not independent quantities. Generally, if a system will
ineet the nitadai, n, e standard, it will mecet or better the excessivre noise (49
dbaO) standarui In thip TCS, systems will be engineered to tinet the miedian
noise standard ani, then, e,:l ked bY the imethods of the addeniduil to this mian-
tinl to insire that the exet ssive ouuism' standard is satisfied. In the event it is
Titoft the s Yste t%% ill lie eng16inered to a lower median hlioip %valuv such that tvi

P\Cfp55i~ C' it usi standal~rd rlim ailsou he met.

3.2.2.4.1.1.4 Ibimi iti Ah,;.qr,,tt,, HIarmontinc ojr in-channel distolrtion
sloitl not ex~ceed --40 dhiuO for title set of miultiplex equipment.

3.2.2.4.1.1.5 Oami ChaungeJ. .4. ineastre of channel amplitude limiting is
the gain change for an output levNel increase. To define the range below whichi
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there should 1-3 minimal channel limiting, and above which limiting should
increase eharply to prevent overloading of common amplifiers, chauiell limit-ing
requirements are as follows: (These points are to be joined by it smooth curve.)

(a) Gain reduction for an output level increase from zero dbmO to d-3.5
dbmO shall not be over 0.35 db.

(b) Gain reduction for an output level increase from zero dbmO to 4-12
dbmO shall be at least 5 db.

3.2.2.4.1.1.6 Net Lo*s Variation. The net loss variation due to one set
of multiplex audio-to-audio, back-to-back, shall not exceed ± 0.2 db.
Allowing for variations due to the transmission medium, the overall variation
allowable for the 6,000-nautical mile reference circuit shall be ±2.0 db.

3.2.2.4.1.1.7 Levd Adjustability. To hold system miealignment to
reasonable limits, it shall be possible to adjust the level of test signals to ± 0.5
db at audio points,

3.2.2.41.1.8 Mazimum Overall Chanye in Audio Frequency. Any audio
frequeny entering a channel of the reference circuit shall be reconstituted at
the other end with an error not exceeding ±2 cps.

3.2.2.4.1.1.9 Stability of AMultiplex Frequency Generator. The accuracy
of the initial adjustment of the master oscillators controlling the various carrier
frequencies in the multiplex equipment shall be 2 parts in 101 of "",,e selected
frequency. i The rate of frequency drift shall not exceed 2 parts in 10, per
month. The change in frequency on changeover from the operating to the
standby oscillator shall not exceed 4 parts in 10', due to adverse combinations
of-10 percent changes in supply voltages. Means shall be provided to compare
frequencies of master oscillators in the same station, and between different
stations, to an accuracy of I part in 101.

3.2.2.4.1.1.10 Single-Tone Interference. Single frequency tones shall i.ot
exceed a level of 24 dbaO when tie channel is usedi for active speech trans-
mission.

3.2.2.4.1.1.11 Data, Telegraph, and Speech Signal Levels. In systems
with many channels, with some channels loaded with voice currents, and others
with data or telegraph signals, the levels of the latter shall be determined in
thL following manner to maintain established loading factors for the common
amplifiers. When twc cr more data or telegraph channels are operated over
the sam- voice channel, they shall be operated at still lower levels to produce
equivalent loadings. Data or telegraph signals with FSK mnodulation produce
constant power loading, while AM systems operated at teletypewriter speeds or
higher, effectively load the voice channel about :3 db less, and hlwe may he set
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at levels 3 db higher than FSK. The maximum levels for signal tones in a
voice channel shall be-

FSK -------------------.--------------------- - 13 dbmO
AM ------------------------------------------ 10 dbmO

For more than one subehannel per voice channel, them levels hall be reduced
by (10 logion) db, where Y. is the number of subcUannls, or 3 db lower each
time the number of sub hannels is doubled. The mean absolute power at sto
relative level for speech plus signaling currents over a telephone channel shall
be -15 dbmO. It is anticipated that in a system with no voice traffic, the
data or telegraph loading levels may be increased.

3.2.2.4.1.1.12 Test Procedurea. Test procedares, where applicable, are
given in chapter 5.

3.2.2.4.1.2 Interjace Paramneters. The interface parameter requirements
summarized in table 3.2.2.4.1.2 differ from the transfer function parameters
in that they are primarily concerned with the interconnections between trans-
mission circuits and switching equipment or end instruments (in allocated
circuits), and between different parts of the transmision system. They deal
with impedance, voltage and power levels, and frequency bands, which are
specified so that a building block relationship is set up to provide maximum
interchangeability and flexibility. Primary interfaces occur where transmission
circuits meet switching equipments or end instruments. Secondary interface.
occur within the transmission system where circuits or aggregate. of circuits
of the same or a different subsystem meet at audio, group, supergroup, baseband,
or intermediate frequencies. All levels specified shall be within ±0.5 db.

3.2.2.4.1.2.1 Audio Frequency Interjace.
3.2.2.4.1.2.1.1 Transmiseion Levls, Mutdipkez Equipment.
(a) The input to the channel modulhtor shall be -- 16 dbr.
(b) The output from the channel demodulator shall be +7 dbr.
(c) The input and output levels specified apply to the multiplex equipment

proper, and provide a net gain of 23 db in each one-way path. Thlee levels
shall apply to all channels of the niultiplex equipment, without regard for the
net lose to be provided by any particular trunk, whether terminated on a two-
wire or a four-wire buis. All channels shall be maintained on the same
basis, so that a -- 16 dbm test tone at any modulator input shall result in a
+ 7 dbin output from the distant demodulator, insuring that all channels are
interchangeable and noty b,' freely patched at multiplex access points without
ueed to change adjustments integral to the multiplex equipment.
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Table 3.20.2.4.1-2. Transmission Speciflcoaion4 for DICS keqerteew Circuit (Tropoacauter)-
Interface Characteristics

POM~terRequiremtnt

Audio Side of Multiplox Equipment (4-wire):
*Relative level, m lulator Input-... 16 dbr

Rolative level, demodulator ,utput ----- + 7 dbr
*Impedance, balanced/channel------------------ 600 ohms
Return lows v s. 600 ohms---------------------26 db min
Level adjustability------------------------ ±0.5 db

Baslc Group Frequency:
1 Basic group frequency band (12 channels)-' 60-108 kc
Impedance, balanced/funbalaniced--------------- 135 ohms/75 ohms

Basic Supergroup Frequency;
Baiesi upergroup frequency band (60 oban- 312-552 kc

nels).
Impedance, unbalanced.----- ---- 75 .)hms

Baseband Side of Mitltiplex Eiiuipment RP EfIIIpJeoSMltpe
Relative levels (transmitting) per channel k -45 dbr, Input Ž 35 dhr, output

(i.e., of -,% test-tone)
Relative levels (receiving), per channel------.Ž - 15 dbr, output Ž 25 dhr, Input
Impedance, balanced/unbalanced ------------ 135/75 ohms 135175 ohms
Return'loss vs. nomilnal impedane." -------- 20 db, min 20 db, min

Intermediste Frequency:
Frequency -------------------------------- 70 me
Impedance, unbalanced----------------------- 75 ohms
Return lows vs. 75 ohm.------------ 7 ---------- 20 db, min
Signal Output level (IF repeater only) ------------- 0.5 volt, rms
Signal Input level (IF repeater only) -------------- 0.3 volt, rms

3.2.2.4.1.2.1.2 Transmis8*ion Levei8, Trunk. Foor-wire input and output
levels of trunks, at points access~ible to the restoral or switching equipinerit (or
user equipment in the case of allocated circuits), diail be adjusted to mneet
levels and circuit net losses determined for each particular group ol circuits by
the overall transmission plan for the transmission network. Sa:ch circuit net
loss adjustments shall be made independently of the multiplex equipment
controls by inserting suitable attenuators or pads between the acc~ss terminals
aind the multiplex equipment. The 23 (11) net gain of the one-way channel
facilitates maitking various interconnections to ohtailil sp)ecial multiple or
brantching itrrangeineints, to insert or bridge supervisory and mionitoring equip-
ment, etc. When two multiplex channels aire permanently connected in tandem
to build up it longer circuit, the level diisp~ari ty hall bo uinet by inserting 23 (11
loss in eachi side or the four-wire patth.

3.2.2.4.1.2.1.3 Impedance and IReturn Loss. '1he im1pedlnY~c shall. be
it nom11inal 600 ohmtis, balancedl to ground1, with at ret urn loss against. 600 ohnis
of 26 (lb minininuui over the audio bandpwss with equipment lined uip at Correct
levels.

3.2.2.4.1.2.1.4 Lerel ,ldjustability. Levels shiall be. adj ustablde to wi t'ii
±0.5 dib.
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.L24.1.22 Group Frequency I .terfe.
(a) Frequency Band--(12 channels) 00 to 108 kc.
(b) Impedance-135 ohms, balanced to ground, or 15 ohms unbalanced,

and a minimum of 20 db return lose over the group frequency range.
3±.2.4.1.23 &perpmvp Frequo" Iierf•ae.
(a) Frequency Bar,-i-(60 channels) 312 to 522 ke, upper sideband of

individual channels.
(b) Inpedance-75 ohms, unbalanced to ground, and a minimum of 20

db return loss over the supergroup frequency range.
3.2.L4.1.2.4 MultiplaBcx ebandlnteiface. Thisinterfaceisofconsiderable

importance since here the multiplex equipment meet. the radio equipment of
a radio relay system or the terminal carrier repeaters of a wire line system.

3.2.L.4.1.2.4.1 Level#, Trarnmi~tg Diredom. The multiplex equipment
shall dehier a multipim-igmui-wiij i pr-ehannel relative test tone level of at
least -35 dbr. The radi, transmitting equipment shall operate properly on
a relative level as low as -- 45 dbr per channel

3.2.2.4.1.2.4.2 Levsl,Rae'eivingDi~ *.. The radio receiving equipment
shall deliver a multiplex signal with a per-channel relative level of at least - 15
dbr. The multiplex equipment shall operate properly on a relative level as
low as -25 dbr per channel.

3.L24.1.±.4.3 Impednce aad Rturn Loss". The nominal iapedance
for balanced equipment shall be 135 ohms; the nominal impedance for unbal-
anced equipment shall be 75 ,hms. Against the nominal impedance, the return
los shall be at least 20 db. Table 3.2.2.4.1.2.6 indicates application of the
balanced and unbalanced impedances according to number of channels in radio
relay systems, and the frequency allocations of the baseband.

3.2.2.4.1.2.5 Intermediate Frequency Intedrface. The IF portion of radio
relay equipment may provide an interface in some system designs. The fol-
lowing paraseters shall be met:

(a) Frequency-70 me.
(b) Impedance and Return Los-The impedance shall be 75 ohms,

unbalanced, and shall have a return los against the nominal impedance of at
least 20 db.

(e) Signal Levels In the receiving direction the IF output voltage
shall be equal to or greater than 0.5 volt mis; in the transmitting direction, the
required IF input voltage shall not exceed 0.3 volt, rms.

3.2.2.4.1.2.6 Modulahititin ta. (Wnder. .nsideration. See table :.22.4-
1 2 Vi)

3.2.2.4.2 N,,,,'o and bItrrrncf.
3.2.2.4.2.1 The total noise from all sources appearing in any channel

shall not exeeed a inedian value of 25,0H)0 pwp (38 dba FIA weighted) during
titne block 2
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3.2.2.4.2.2 Al/ocation. The following allocation of allowable median4
noise to various parts of the DCS Reference Circuit shall be followed unless
different trade-offs are dictated by particular requiremer.as:

(a) Multiplex equipment ------------------------------ 5, 000 pwp
One Link

Channel tranelation .------------------------------- 345 pwp
Group modern equipment (2) ----------.------------ 140 pwp
Supergroup modem equipment (3) --------------------- 180 pwp
Through group filter sand ACKC equipment (3) ---.------ 150 pwp

Total for one link ---------------------------- 815 pwp
Total multiplex equipment for six links --------------- 4, 890 pwp

(b) The 20,000 pwp median noise assigned to the transmission media shall
be derived in equal parts from the two principal sources, thermal and inter-
modulation, thus allowing 10,000 pwp thermal and 10,000 pwp intermodulation
noise.

Ta'stS.9.4.1.*.6. DCS moduilaio Plan

Basi,- (IS-chuavd) Group: (Under eonsideration)

Bode (0O-chaslst) iupergroup: Five groups qranlattd (as upper sidebar.s) to occupy the
basic opergroup frequency band 312 to 552 kc.

PrMq. 1,oUll 7 111W.4.l P€ lW por WeliamneulS[ by of i. cuan Imh Nominul I Outloufty Pilot&%awsbowlsaw k"e. (ke) (nioe 1)

(ke) ( )(d W•_ ,t OutPut

24 12-108 12-108 135 bal -45 +4.5 116 (or 119)
601 12-252 12-252 135 bal -45 +1.75 304 (or 331)

*60-300 60-300 75 unbal -45 -15
120 12-552 12-562 135 bal -45 +-1. 75 607 (or 304)

*60-562 6•0-52 75 unbal -45 -15

Pilots
1. Frequency comparison aid control monitoring (Under consideration)
2. Thrn',ih reiulating pilot (Under consideration)

Norts. I. Frequency stability of rnntintntty pilot shalt he better thAn 5 parts in lei
2 * aBndsndth of whinto nmoie sp erum for tntrrmo.(ulation noiw meastirements

3.2.2.4.2.3 Di.stribution. A time distribution is req.ired since troposcatter
systems are subject to fading which causes the noise power to increase con-
siderably from time to time. Excessive noise caused by unsatisfactory radio
transmission shall not exceed 316,000 pwp (49 dba FI A a1 zero relative level),
more than 0.1 percent of the time, during time block 2.
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32.2.4.2.4 InkWrfWrence. Unintentional interference shall not be allowed
to exceed a level a follows when the channel i used for active speech trans-
misuion:

(a) Cochannel ------------------------------------------- 24 dbaO
(b) Adjacent channel -------------------------------------- 21 db&O
(c) Unidentified -----------.............------------------ 21 db&O
3.2.24.3 Tmýnsmission Properties. Standards relative to the determina-

tion of transmision lons are given in 3.2.2.4.4. In order to facilitate the com-
parison of results, the following is given so that t6e transmission loss determina-
tions may be presented in a uniform manner.

&8.2 .&I Long-Term Varia'oio.
3.2..431.1 The hourly median trasmission loes not ezese d ding

5P%, 90%, 99%, and 99.9% of all hourly mndians of the period of rerenme shl
be determined. The period of reference shall not be lees than 1 month during
the winter period.' Data shall also be given to show the distribution of toe
hourly median transmission lows over the period of a year.

32.L4.3.1.2 The statistical results of the transmnision loss determinationa
shall be displayed on probability paper. The transmission lon s be plotted
along the ordinate and expressed in decibels; the percentage of time shall be
plotted along the abscissa, with a scale following the Gaussian probabilitylaw,
with percentages increasing from left to right.

3.2±4.L.2 Sort-Term Variatione. In order to compensate for the Owt-
term (within-the-hour) variations, methods shall be provided to bimit W fadis
to no greater than 10 db below the mean of a single Rayleigh fading signal, mre
than 0.01 percent of the time during any hour.

3..2.4.4 Tranemieion Lo•s Calations.
3.2.2.4.4.1 Radio Reference Almosphere. The Standard Radio Reference

Atmosphere shall be the three-part model as follows:
(a) The radio refractivity, N, decreases linearly in the first kilometer above

the surface; that is,
N=N,+AN(--h,), A,_<h_<A,+I

(b) The radio refractivity, N, equals 105 at 9 km above sea level and the
refractivity decreases exponentially between 1 km above the earih's surface,
h,+1, to the value of 105 at 9 kn; that is,

N=Nj exp ((-c(h-h,-l))), h,+l_5h_59,

where
I n105

and

A, ig the value of N at h--h,+ 1

"It is "mmmn,onlel that the Peference vwlw of t ransmnii~ on la t .. the medin of all howrly mtedlaw a lthin the Patod
November-April. k=)O0-IMy (NY8 time block i), and the disnribution of the howtly imfedltr- transmialan low be detW-

miled for this rnwlrd.
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(c) Above 9 km the refractivity is determined by:
N-105 exp ((--.1424 (--9) )), l>_9 km.
N is the radio refractivity.
N, is the surface value of refractivity.
4N is the difference in N values at a height of I km above the surface

and at the surface.
A is the height above a" level.
A, is the height of the surface above sea level.

The constants for the standard radio reference atmosphere are given in table
3.2.2.4.4.1 and shall be used in the computation of the basic median transmis-
sion loss due to forward scatter in the troposphere.

$S.24L4A.2 Pat6 Geormery. The geometrical parameters defined in figure
3.2.2.4.4.2, specifically the path distance, d, and radio horizon elevation angles
af and D., shall be determined using factois of the accuracy specified in
3.2.2.4.7, Siting, and with the effective earth's radius, a., defined in table
3.2.2.4.4.1, Constants for the Standar4 Reference Atmospheres.

3.L•4.4.3 Trmrmsmiom Loss Dw To Forward Satter The transmission
loss shall be determined either by (1) computation, or (2) from path loss
measurements and computation combined.

I 2.L&.42.1 Computation. The basic equation for the computation of
tra.mison loss shall be based on empirical data and shall contain, as a
minfimum, terms abowing the effects of frequency, angular distance, and mete-
orological conditions. The computed transmission loss using the basic equa-
tion shall be an hourly median value based on the Standard Reference Atmos-
pheres (3.2.2.4.4.1) and on geomexrical parameters to the accuracy specified
in 3.2.2.4.7. The data shall be presented to show the hourly median trans-
mission loss not exceeded for 50%, 90%, 99%, and 99.9% of all hours during
the period of reference.

Ta~be S.D.4.1.1. Co•srka for tWe Standard R.Wrs Atoa~ohu

N. k. bet ea mies -AN -• .A Mi eiPWKM

0 --------------- 0 3960 0000 0 1.00000 396.0 0 0
200 .------------ 10, 000 3961. 8939 22. 3318 1. 16M99 4819. 53 0. 106211
250 ------------- 5, 000 3960. 9470 "9. 5124 1. 23165 487& 50 0. 114559
301 ------------- 1.000 3960.1804 39.2320 1. 33327 5280.00 0.118710
313 --------- 900 :3960. 1324 41. 9388 1, 36479 5403. 88 0. 121796
350 -----.--.--- 0 3960. 0000 41 5530 1 48905 5896. 0 0.130579
400 -----.----.-- 0 3460. 0000 68. 1295 1 76684 6996. 67 0. 143848
450 ----- 0 :3960. 0000 90. 0406 2 345n6 9286. 44 0. 154004

No"ce. a.lv thre effective earth's radius and In eq to o'k

4' -a+hi. where k. 1% the helght nf the earth'* .%urfw*e aIbove sea level

a 3,960 miles

10-. N
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Volume C

AA Dss
hts' dU t -4 L

Distance to earth's center=a

ht,/ - - DS ,h r

/---dLt -- dst•--•-- dsr ol.- dLr.-

S.. 
. . d ,_ _i d 2 •

Distances are measured in statute miles along a great circle arc

e00= D5  
6 t+00= a + 8ot + 8or

FtgA re ,. , 2 .,24. Geometry fr a Linear Graduient Alrfoophere.
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.3..24.4.$. Meaurean*. Measurement of the transmission loss for a
particular path shall be considered of value only if the following conditions
are met:

(a) The meanurement period is of a duration sufficient to significantly
reduce the prediction uncertainty of the median value of transmission loss to
3 db or less, but in any case, is not less than 20 days.

(b) The measurement apparatus is placed at the actual terminal location,
or at a terminal location so the station elevations, antenna heights, and
obstacle points are equivalent to the actual path.

(c) The frequency used for the measurement is within ± 25 pcrcent of
the operating frequency of the proposed system.
The data collected shall be presented to show the transmission loss not ex-
ceeded for 0.1%/,0, 1%, 10%, 50%, 90%, 99%, and 99.9% of all hours during
the period of measurement.
The measurement data shall be used-only to decrease the prediction uncer-
tainty of the computed tramnimion loss, and shall not be used in lieu of the
computed transmission loss.

3.2.24. Prepenmy Assignmenti.
L2 2.4.3.1 Uait of Separation. The unit of frequency separation shall

be 0.9 me, and the spacing between frequency allocations used in a given
system shall be an integral multiple of 0.8 mcs.

3 9 2.4.3.2 TTounit-Rcti, Frogwwy ,paratin.
(a) The minimum separation between a transmit and receive carrier

froluency of the same polarization on the same antenna shall be 120 ince.
(b) Where two frequency channels are handled on separate antennas, or

at different polarizations, the frequency separation in (a) above may be reduced
by an amount corresponding to the increased Ioss between the two frequencies,
but shall not be less than (c) belos.

(c) The minimum separation between a transmit and receive carrier
frequency at a single station shall be 50 mcs, but in any case, an integral
multiple of 0.8 rncs.

(d) To avoid interference within a single station, separation of the
transmit-receive frequencies shall not be near the first IF frequency of the
receiver.
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3.2.2.4.5.3 Transmit (Receive) Frequency Separations. The minimum
separation of transmit (receive) carrier frequencies saall be seven unit& (5.6
mcs) for systems with 36 channels or less. (Table 3.2.2.4.5.3 shows the
recommended separation for a larger number of channels.)

3.2.2.4.5.4 Frequency Plan. The frequency channels shall be assigned
on a hop-by-hop basis such that the median value of an unwanted signal in
the receiver, due to using the same or adjacent frequency channels in two relay
sections, shall be at least 10 db below the inherent noise level of the receiver.
(A recommended frequency plan is shown in figure 3.2.2.4.5.4.)

3.2.2.4.6 Equipment Performance.
3.2.2.4.6.1 Antennas. The antennas used at each station shall be the

broad band, high gain parabolic-reflector type, capable of operating satis-
factorily on any of the possible assigned frequencies in the band of operation
specified.

3.2.2.4.6.1.1 Characteristic Impedance. The characteristic impedance
shall be a nominal 50 ohms.

3.2.2.4.6.1.2 Voltage Standing Wave Ratio (VSWR). The VSWR shall
not exceed 1.2 to 1.

3.2.2.4.6.1.3 Diversity. In order to maintain continuity in transmission,
two distinct transmission systems shall be provided in each direction in each
hop, the combination of which shall provide diversity.

Talk 3.2.•.4.3. Tramwmis (Rteen) Preq1ve Se &paratiene

Meirmum number of ebmmels Moxlmum Frequency

IF beneldth alert=on

36 ------------------------------ 3 me 5.6 me
60 --------------------------------- 6. men 11. 2 mes
120 ----------------------------- mc 16.8 me@
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3.2.2.4.6.1.8.1 Spacing. In order that fading of the received signals be
substantially uncorrelated, antennas placed in space diversity should be spaced
at 100 wavelengths apart or ptroater, but in no case be less than 70 wavelengths,
in the direction normal to the great circle route to the adjacent station.

3.2.U.$.6 Tranmission Line. The transmission line used shall be capa-
ble of transmitting the RF power required with the characteristics listed below.
The use of coaxial connectors shall be held to a minimum. The length of any
transmiision line shall be held to a minimum commensurate with good engi-
neering practice and shall not exceed 200 feet in any cae.

3.22.4.6L2.1 Characteridic Impedance. The characteristic impedance shall
be a nominal 50 ohms.

32.2.4.6.2.2 Voltage and .,&g Wave Ratio (VSWR). The VSWR shall
be less than 1.05 to 1 when terminated in the characteristic impedance of the
line.

3.2.2.4.6.3 Receiving I psipmend. The several receivers provided for
diversity reception at each station shall have Mimilar characteristics, and a
an optional feature, each shall have provisions for a parametric amplifier to
achieve a noise figure ' 2 db or-less for frequencies below 3,000 me and 3 db
or leas above 3,000 me, and threshold extension to extend the threshold 7 db
or more below the design value.

3.2.2.4.6.3.1 RF Input Impedance. The nominal RF input impedance
shall be 50 ohms.

8.2.2.4.6.3.2 Fregueny Stability. The center frequency of the receiver
shall be controlled to ±0.01 percent or better for all operating conditions.

3.2.2.4.6.3J Image and Out-of-Band Freque"c Rejaction. Image and
out-of-band frequencies shall be rejected by at least 60 db.

8.2.2.4.6.8.4 Intermediate Frequency Characteristics. The nominal center
value of the intermediate frequency shall be 70 me. The nominal output
impedance shall be 75 ohms, unbalanced. In the receiving direction, the IF
output voltage shall be equal to or greater than 0.5 volt, rmb; in the transmit-
ting direction, the required IF input voltage shall not exceed 0.3 volt, rms.
The transmission amplitude characteristic shall be uniform within ± 1.5 db
over the intermediate frequency band.

3.2.2.4.6.4 Transmitting Equipment.
3.2.2.4.6.4.1 O'ar,',er Frequency Stability. The carrier frequency shall be

controlled to within ±-0.01 percent.
3.2.2.4.6.4.2 E.xciter (hatput Impedance. The nominal exciter output

impedance shall be 50 ohbis.
3 2.2.4.6.4.3 taowvr Ainphiier Input-Chitput Impedances. The input and

output impednnces of the power anmplifier shall he noiniailly 50 ohiiis
3.2.2.4.6.4.4 ,p ur•,ma tfnission Suprem.ion, Spnrious emissions ,rvuring

outside the assigned hand hiall bhe suppressed so d( or niore below the carrwr
out put.

3.2.2.4.6.4.5 Irinphasis ('haracturisthc. Where preemphasis' is used,
the preeiliphtasis charaeteristic shall be such that the effe,.tive (mis) deviation
due to the miultichantel signal is the same with and without preemphasis.

3 it is revommend,,i that thti, pret-in~lifiit chtrarti,riintw, that nbtaint•i hy Il neftork iven in nCC R nhr in-
nrieit|an No. 275
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3.2.2.4.6.5. Mfultiplexing Equipment. Characteristics of the multiplexing
equipment are specified in 3.2.2.4.1.1, Transer Function Parameters, 3.2.2.4.1.2,
Interface Parameters and 3.2.3.3, Performance Standards for Frequency Divi-
sion Channeling Equipment.

3.2.-46.6' Test Procedure&.-, -Test procedures,,whore applicable, are given
in chapter 5. . -

3.2.2.4.7 Sitng. The determination of path parameters shall be in three
parts: (1) the preliminary determination, (2) the site survey, and (3) the final
determination.

3.2.2.4.7.1 Preliminary. When a ,preliminary study is made, prior to
actual site survey, such that several alternate sites are selected, maps shall
be used with a scale of at least 1 in 250,060 with contours at not more than
60-meter intervals. Distancewshall be determined to the nearest mile.

3.2.2.4.7.2 Site Survey. The selected site(s) shall be surveyed, such that
a terrain proffle may beconstructed showing the distances and elevations alolig
the path azimuth, with an accuracy not less than the following:

(ta) Coordinates to third order accuracy:,
,(b) Elevations to the nearest 5 meters.
.3.2.2.4.7.3 Final Determination.,-The final path parameters (path profile)

shall be determined with an accuracy not less than the following:
(a) All distances to 0.1 mile.
(b) All azimuths to 10 seconds.
(c) Maps utilized shall have a scale of .1 in 25,000 with contours at 5-meter

intervals. In.areas where maps to this scale are not available, a scale of up
to I in 100,000 with contours at not more Mhan 30-meter intervals may be used.

3.2.2.4.7.4 Hazards. The following .conditions shall apply regarding
hazards to personnel and equipment:

(a) The area in the vicinity of the antenna(s) shall be restricted to prevent
inadvertent entry so tbt personnel notbe .exposed to either continuous or
intermittent power levels in excess of 0.01 watts per square centimeter, average
power.

(b) The area in the vicinity of the high power equipment shall be restricted
to preven, inadvertent ,ntry so that personnel not be exposed to X-radiation
exceeding 2.5 milliroentgens per hour or 100 milliroentgcns during a 410-hour
week.

(c) Fuel storage areas shall not be exposed to RF pewer in excess of 5.0
watts per square centimter, peak power.

(d) Power levels constituting hazards to explosives have not been firmly
established.

(e) Power levels constituting hazards to equipment have Pot been firmly
established.

3.2.2.4.8 Syster ns Performance. For analybis purposes, it is convenient
to consider systemns performance in terms it (I) Single Hop Performance, and
(2) Tandem Hop Performance.

3.2.2.4.8.1 Single Hop Performance.
3.2.2.4.8.1.1 Noise in a Real Circuit. The psophonletrically weighted

noise power excluding niultiplex equipment noise, at a point of zero relative
level in the audio channels of a real troposcatter hop of length L nautical
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mile's, where L is less than 1,000 nautical miles and whose composition does
not differ appreciably from the DC8 Reference 0-6 uk, shall not-

(a) Exceed I 3.33L pwp median during time WAoek 2.
Wb Exceed 316,000 pwp more than a cumulative L X.2preto

time block 2.100
8.224..1. Paywvw"~m Tests. Piformance tesb sl" be made on each

hop to determine the quality of tra'amieslmn." These toolshaWlbe in two
parts: (1) local tests, and (2) transmission system tsts4.

3.2..4..1± Local Tods. The local tests, from multiplex input to
multiplex output including the radio trmansitter and receiver, shAl include
but not be limited to those tests required to establish the charateristics speci~lad
in 3.2.2.4.1.1 Transfer F'unction Parameters. (Proeesdure aregivmn in
chapter 5.)

8.2..4..1± Trvapwijsujon Sstem Took. The trar~mia n system
tests, including the propogation medium shll inclue as a minimumk the
measurement of.- stability of the viet gain or loss in the beselbend and total
noise including intermoNic.ition noise. (See 3.2.2.4.8.8.)

8 1924 A1±8. Dunstion of Msws~wut*.
8.2.2L.4..1 l.. Coatsuwsm Morou Spaines. Total nele mawsured

in each direction in each hop with a continuous uniform spectrum simnel shel
be of a duration necessary to establish a correlation between the total chammel
noise and the received signal power, but in any case shall not be less thans 72
hours valid data.

18±2.4 8 1±3. Received Sigsal Level. The received signal power in ae.)--
direction in each hop shall be recordled continuously for a period not less thea
30 days (preferably 6 months). This data shall be presented to show the signal
power exceeded 0.1%, 1%, 10%, 50%, 90%, 99%, and 99.9% of all homrs
duiang the period of measurement. The corelation between the received
signal power and total channel noise shall be si-own.

3.2.2.4.8.1.24.3 Noise is MAuL Trq*. The total noiew meessred in
actual traffic in each hop in each direction after the system is in operation shall
be recorded coixtinuously for a period not less than 30 days (preferably 6
months).

3.2.2.4.8.2 Tandem Hiop Performance.
3.2.2.4.8.2.1 No ise in a Redl Circit. The psophometrically weighted

noise p,,wer, excluding multiplex equipment noise, at a point of zero relative
level in the 'dio channel.. of a real troposcatter system of length L nautical
miles, where L is between 1,000 and 6,000 nautical miles, and whose corn-
position does not differ appreciably from the DCS Reference Circuit shall not-

(a Exceed ' 3.33 L pwp median during time block 2.

(b) Exceed 316,000 pwp .nore than a cumulative 6-L X01perent of

time block 2.

4It is not expected that all hope will meet this noiae limit, acmne hot* will he Weter and acme Wae; howeymf the
cumulaive noil powe" fromn all hops In tar~demn within the IMOO-nikutical mile referenco link ahai* MWa the pefotmaneS
criteria apecitled.

' It is Smumed that tach pie"r of equipn'rn t has been properly irnsWWi antl vAdjuntri, and that trsnsrn~iono levels
have been properlv set.

4It is wwiaue that at the demodulation points of a real circuit, the sudio channels, groupe. wan aupergroupe Wte
tnterconrwet,' at randum. in particular, it is assumed that the no01w coming front the diftwerht me Ll"b Is pewer additive
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3.2.2.4.8.2.2 P'erormnance Test.y. Tandemi hop performance tests over
the entire system shall include as a mi nitimum the measurement of stability of
the net gain or loss in the basehand and total noise including intermnodulatio,;
noise.

3.2.2.4.8.2.2.1 Duration of Noise Afeasure)?ient. Tile total oR3ise in eachi
direction in the entire system shall be recorded for a period -o provide 72 hours
of valid data as soon as practicable after initial installation.

3.2.2.4.8.3 Total Noise Measurement. Total noise, including crosstalk
noise, should 6e measured with a continuous uniform spectrum signal or during
actual traffic. Measurement with a continuous uniform spectrum signal is
made while the system is not carrying actual traffic and with a white noise
signal representing system loading during busy hours; measurement during
actual traffic is made in bands just outside the total multiplex band, in actual
traffic conditions.

3.2.2.4.8.3.1 Measurement With Continuous Uniform Spectrum Signal.
It is desirable to be able to measure the performance of radio relay systems
which are for use with FDM under conditions closely approaching those of
actual operation, without necessarily having FDM equipment installed and
connected. For systems with 12 or more channels, it has been established that
a white noise signal (a signal with a continuous uniform spectrum) has statisti-
cal properties similar to those of a muliichannel multiplex signal. This type
of test uses a white noise generator producing a spectrum of width corresponding
to the multiplex signal it replaces, but with specified gaps produced by stop
filters, at the lower and upper edges of the baseband (just within or just outside)
and at the center of the baseband. The noise measurements are made in the
stop bands, through suitable receiving filters. Specifications are given below
for those parameters. They correspond to CCIR Recommendation 294
(Warsaw, 1956-Los Angeles, 1059).

(a) White noise signal spectrum-Table 3.2.2.4.8.3.1 gives the bandwidth
for systems with 24 tc 600 chainels, for the allocations starting at 12 kc at the
lower edge.

(b) White noise signal power levels-The power level of the white noise
signal is computed according to'the following formulas, relative to 1 mw at a
point of zero transmission level, where it is the total number of channels in
the circuit:

(1) For systems with from 60 to 240 telephone channels:
Power level= (-1 +4 log,6n) dbmO
(Provisionally applies down to minimum of 12 channels.)

(2) For system with 240 to 600 channels (or more):
Power level= (- 15 +10 log,on) dbmO

(c) Within the specified band, the rmis noise voltage levels measured with
it narrow bandwidth of about 2 kc should not vary more thlan 1 (db. Outside
of this band, the power should drop sharply and be more than 25 db down at
all frequoricies greater than 10% above and 20% below the band.

(d) Stop and hand filters--To (clear tile mneasurenment ehannels of willite
noise stop hand filters are required at the output of t lie white noise generator. The
center frequencies of tiese filters should be the saime ais for the nmeasuring
channels shownl in table 3.2.2.4.9.3,1. Three filters should he used iII a git n
case, icmluding the cente'r hiannel and either tile outside band (0)1) or inside
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hand (114) channels. The attenuation of noise in each stop hand at the gener-
ator output should exceed 80 db over a band at least 3-ke wide, and should not
exceed : db at frequencies of ± (0.02.f+4) ke, where f is the center frequency
in kc. 'rie shape of the filter characteristics should be such that, when all
three band stop filters are simultaneously brought into the circuit, the errors
in measurement as compared with a measurement carried out with a perfectly
uniform source and an indefinitely narrow stop band should not exceed I db.
Error here means the loss due to insertion of filters, to changes in spectral
distribution of thermal and intermodulation noise produced by the insertion,
and to other causes.

(e) Measurement filters-Intermodulation noise measurements should be
performed in the same bands provided in the particular case, with stop band
filters as described in the preceding paragraph. The use of these channels is
preferred for special tests, calibration, etc. The effective bandwidth of the
measuring filters in the receiving equipment should be designed to be narrow
enough to provide satisfactory measurements, taking into account the possi-
bility of stop band filter attenuation as low as 3 db at the frequencies ± (0.2f+4)
ke with respect to the center frequencies, as allowed in the stop band filter
requirements.

(M) Additional or alternative measuring channels--These may be used
as required by circumstances.

(g) Noise power ratio (NPR) or slot noise power ratio is the ratio of the
noise power appearing in a measurement channel with the corresponding
stop band filter first out of the circuit and then in the circuit. The change in
level is independent of the precise width of the measurement channel.

3.2.2.4.8.3.2 Afea.vurement of Noise in Actual Traffic. Once a radio
relay system is placed in service carrying FDM channels, it may be difficult or
impossible to withdraw it from traffic at will for measuremeat of noise by
the use of white noise signals. It is therefore desirable to specify measurement
channels outside but reasonably close to the total bandwidth of the multiplex
signal, in order to measure the intermodulation products due to the nonlinearity
of the system. It is desirable to measure noise in a channel just Lbove the
multiplex band, since this is generally more sensitive to changes of thermal
and intermodulation noise in the RF and IF parts of the equipment. On the
other hand, measurements in a channel below the multiplex band are more
sensitive to changes in the modulators and demodulators. It is usually neces-
sary to use stop band filters at the input of a system to minininize n ise on the
in.nin~x cir,'uit inl the bands occupied by the measuring channels. The follow-

ing requ(jr,'enits are derived from ('('IR Reonnruendht ion 293: (Los Angreles,
19.59).

*a(it ,,p hlimm filters The attenuation of the shtp hand filters it the

itiplut 4f the s;Vtemi slimill exceed 50 d11 over a mininmium frequency b1and
! (io 0o. I - 21 k, where fis tihe (enter frequemcy oif Hithe mieasuring chmaninel in ke

The1. mihitiominl atten oati,,n ,aised by tille inisertion (if the stop filters at the
1,wer evd-e and mit the upper edure of the P ital muilt tiplex b1uad should not exceed
0 il l refe'rread Ii tltle additionol attenuatitin renused iii tet- v'enter of the multi-
plhx si'inal band. The center frequencies of tIhe noise measuring channels are
,givn in tablh, :.2.2.t,3.1 When the ('enter frequencty is 10 ke, tite minini-
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mumi frequency band is to be ± 1 kc instead of the bandl calculated according
to the formula given.

(b) Meaisurement filters-The characteristics of the mneasuremient filters,
the center frequencies of which are given in table :1.2.2.4.8.3.1, should be de-
signed to be sufficiently narrow to give satisfactory measirements, taking into
amount the characteristics of the band stop filters.

(c) Continuity pilots-Frequencies given in table 3.2.2.4.8.3.1 for con-
tinuity pilots agree with the central frequencies of the noise measuring chan-
nels above the multiplex band. Tt may be useful to combine the evaluation
of the power of the continuity pilot with the measurement of the noise around
it.

(d Filter designs-fIt is desirable that design of band stop and measur-
ing filters should enable them to be used both for maintenance measurements
and for measurements of white noise.

(e) Disconnection of certain channels--In certain telephone channels, and
in combinations of them, harmonic distortion nmaky be produced. This may
make it necessary to leave these channels disconnected. (For example, if the
second or third harmonics coincide with the central frequencies of the noise
measuring channels.)

Table 851.2.4.8.3.1. Parameters for Radio Relay Systems

Noise measuring channels center frequmncies In ke

band oc- Freq"'limfts Continuity piot Actual traffic ht as (not@'2)
Number ofchannels -rq liit whiten * 2)c

.Me~hy buseb.n 1) __ _

(not# 3) ~ ) Below Abo,. -oe Center Upeb
05 IB III 05

24 --------- 12-108 12-108 116 (or 119) 10 116......... ...... ........
(or
119)

60------------- 12-252 12-252 304 (or 331) 10 304 50 70 ------- 270 331
*60-300 60-300 50 331

120 ------ ------ 12-252 12-252 607 (or 304) 10 607 50 70 270 534 607
*6G-552 60-552 50 607

3004------*60-13003 60-1364 1499 50 1499 50 70 534 1248 11'. J
64-1296

600 -- *60-2540 60-2792 3200 50 3200 501 701 1248243813200
*64-2660

VNrtel I I r-qll..tley -t aldiltv of .'rintintlkty pilot nlintiitl he bette),r thitn, jsarti in ilia
21iwt-r ýnt! miwr lilnv~mring channrnl may I.,..it (or otit~F*,l ii (O or inside li0t he t~an.1 of white notme

isin,)l
Iantlwo'It It of whit,' tinli. slwetroiii for ititi-r~oto, I ulti.n noi-w iOnnmriitln~ts

3.2.2.5 Morirtiwrue Lint'-of-Siqht SqYstems.
3.2.2.5.1 M.)( R f'ference Circuit (Micrnuvirf Iinr-of-8ight). The coin-

position of thep D( S Microwave Line-of-Might Reference lircuit coincides with
that of the l)( S Widehitndl Reierence Circuit described in paragraph :32.1.
The I)( S Mivrownve Line-of-Sight Reference C ircuit is further described in
the following pnniragiplis in termis of its transfer functions and interface parit-
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mneters. Actual microwave line-of-sight vir(euits whichl are a part of the N)(s
shiall be dlesignIed to hiave these transfer functions atid interface pnrajiaivtetiý

3.2.2.5.1.1 Tfranuxje r Function Parayntler.s. Thie transfer f'uitition piiraimn-
eters dlefine the properties of the D( S Microwave Line-of-Sight RefcrvinctV
Circuit in termis of circuits utilizing 4-kc channel allocations, involving thle
various dlistort~ions, noise, stability, adjustment, and signal level loading.
As indicated in table 3.2.2.5.1.1, the parameters may be defined within three
aspects: overall reference circuit, transmission medium (including repeaters),
and multiplex equipment (for one nominial 1,000 nin link).

Table 3.3.2.5.1 1. Transmnisuion Specifications for DO? Reference Circuiti Transfer Function

N4ormalliy aisignnible to-

i',raiiip-ttr rcrull; 5(551 em 0 Trsninisuion

cluding Miwat 0 link on~ly)

Insiertioni losm-frequeiicy, ref to 1,000
cps:+.7 -. d

600-1,4(X)cem--------- -------+4.0 -4.0db----- 0. 7d
400-3,000 cps ----------------- +9.0 -4.0dlP---------- +1.5 -0.7db
300-3,400 cps ----------------- +18.0 -4.0db ---------- +3.0 -0.7db

Envek,2pe Delay Distortion, 1,000) 1,000 psec ------ 160 AMeC
2,600 cps max.

Median noise level, from all sources,
worst hour, worst month:TemOP erA

Psophometrically weighted atTunOg Tr i
OTLP, pwp------------------ 25,00 0000 475 815

Equiv. white noise, FlA line wtg,I 0 ain-baO -------------------- 38.0 37.0 20.8 23.1
Harmonic distortion --ý------------- ------- ------- ---------- -40dbmO

Ganchange for out- + 3.5 dbmO. --I----------- ------------- 0.35 db max
ptlevP] increase + 12.0 dbni()------------------.6.0 db mnn
frm0 dbmOto

Net loss variation, max at 1,00 p
audio, or at any baseband frequenicy. ±2.0 db ± 0.5 db ± 0.2 db

Level adjustability-----------...------------------- ±0.5 db ±0.5 db
Max. overall change in any audio freq ± 2 cps..... ± 2 cps
Stability of multi- Initial setting ---- - --- ----- 2 partmi in 10'

plex frequency to-
generator Drift per mionth---------------------2 parts in 101

Single toneu intprferience 24 dha()
Max. data/telegraph lev-els, single chan-------------- (1-1Ki-- 13 '',mU

111l high se------------------------ --- (AMNil-- 1ll -tu)
"~pov'e' le-vi-I .15 dlau,,(I

NN I Th. ii,,,. 'nr 'hIa . .i ld 1011W %4 1,- - t ,e nu 5.K pW1, I-. tie . , il1)111.X-'l I'm'l 1t~ "i.i~. q u . 1ii .u*

muil, ni i-rl-n., twiw iii is (mmcin i-v -

3 ofm I i hall,' - l jotii, .s , 3iii1iNKI pV.)(. 49 WbM ) I niciruil miH vahiii mlnrs. thtin a ~i inmoii ii II

iir-im h~ e ~,,r~t nintim
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3.2,2.5.1.1.1 Insertihn Lox. r.x. Frequenej. The response characteristics
are stated in terms of insertion loss referred to til, I,0(•0 .ps loss. Thus, at
positive figure denotes lower response, and a negative figure indicates at higher
response relative to 1,000 cps.

Single Link Channel Frequency Response

The frequency response referred to 1,O00 cps for the multiplex equipment
(1 link only) shall be as follows:

600-2,400 cps ---.---.--------------- +0.7 -0.7 db
400-3,(W cps ----------.------------ +1.5 -0.7 db
300-3.400 cps . .----------------- -4-3.0 -0.7 db

Overall Circuit Frequency Resaponse

Trhe frequency response referred to 1,000 cps for the overall 6,000-nautical
mile circuit shall be as follows:

600-2,400 cps ..-..---- ----. 4-4.0 -4. 0 db
400-3,000 cps ------.---.---------- +9.0 -4. 0 db
300-3,400 cps -----.-----.---.------- - +1.0 -4.0 (lb

3.2.2.5.1.1.2 Envelope Delay Distortion. The envelope delay distortion
(differential time delay between any two frequencies betwee, 1,oOO and 2,6000
cps) shall not exceed 1,000 microseconds over the 6,000-nautical mile reference
circuit, or 160 microseconds for the multiplex equipment of one link back-to-
back. Delays are taken to be directly additive.

3.2.2.5.1.1.3 Total Noise. The following standard applies to noise fromn
all sources in any channel of a system in which two-thirds of the chan wls are ,
loaded (loading simulated with white noise or actual loading with equivalent
traffic.) Noise is measured in an idle channel at, or referred to, a OTLP, and
is a measure of the relatiuaship of circuit noise to a constant value signal, the
level of which is controlled by AG(' action; i.e., a standard test tone clamped
to 0 dbinO in a receive channel.
The total noise from all sources on any channel of a system composed of line-
of-sight hops in tandem over a 6,000-nautical mile reference circuit shall not
exceed 2,5,000 picowatts (pw), psophomnetrically weighted (38 dba FIA weighted)
at zero relative level, during the worst hour of the mtonth of poorest transmission.
The noise power shall he divided such that .5,nttt pwp is it-signitd to the multiplex
equilmient ktotd 20,000tJ pwp to the transmissioi mnedni. The allowable traits-
missio ulteudilt noise in a section of le~ngth L .ittim. 1itld 1ittis is foutid ,,y the
following:

Noise -• 2-1,l1)1) PL'P

Th' , total noise ov,-r i t; .t000) wit in reference teirt'unt litill oit ctt . ' * ted 3it i1()() p)w')
(49 4 t1M) 1 -ntinu tte nitn tit v••t11,e it i ore a In at'uctiilttibt (i1e ,1 rw'tre nt of the
wotiit miionth. For a itortion of the systenii L rtautictl toiluvs in leh•th, till,

tntitl llois' sthall not exceed 316iu;00 |)VWr ililte thanll It I't11titul tivt i i (I 1)1 tN
of tio' •%,-r;t umonthi.
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3.2.2.5.1.1.4 Harmonic Distortion. Harmonic or in-.narmiel distortion
shall not exceed -40 dbmO for one set of multiplex equipment.

3.2.2.5.1.1.5 Gain Change. A measure of channel amplitude limiting is
the gain change for an output level increase. To define the range below which
there should be minimal channel limiting, and above which limiting should in-
crease sharply to prevent, overloading of common amplifiers, channel limiting
requirements are as follows:

(a) Gain change for an ouiput level increase from zero dbmO to +3.5
dbrnO shall not be over 0.35 db.

(b) Gain change for an output level increase from zero dbmO to + 12
dbmO shall be at least 5 db.

3.2.2.5.1.1.6 Net Loss Variation. The net loss variation due to one set
of multiplex audio-to-audio, back-to-back, shall not exceed ±0.2 db. Allowing
for variations due to the transmission medium, the overall variation allowable
for the 6,000-nautical mile reference cirduit shall be ±2.0 db.

3.2.2.5.1.1.7 Letel Adjustability. To hold system misalignment to rea-
sonable limits, it shall be possible to adjust the level of test signals to ±0.5 db,
particularly at interfaces in the system.

3.2.2.5.1.1.8 Maximum Overall Change in Audio Frequency. -Any
audio frequency entering a channel of the reference circuit shall be reconstituted
at the other end with an error not exceeding ± 2 cps.

3.2.2.5.1.1.9 Stability otf Multiplex Frequency Generator. The accuracy of
the initial adjustment of the master oscillators controlling the various carrier
frequencies in the multiplex equipment shall be 2 parts in 10' of the selected
frequency. The rate of frequency drift shall not exceed 2 parts in 10, per
month. The change in frequency on changeover from the operating to the
standby oscillator shall not exceed 4 parts in 10', due to adverse combinations
of '10 percent changes in supply voltages. Means shall be provided to compare
frequencies of master oscillators in the same station, and between different
stations, to an accuracy of I part in 101.

3.2.2.5.1.1.10 Single Tone Interference. Single frequency tones shall not
exceed a level of 24 dbaO when the channel is used for active speech transmission.

3.2.2.5.1.1.11 Data, Telegraph, and Speech Signal Levels. In systems
with many channels, with some channels loaded with voice currents, snd others
with data or telegraph signals, the levels of the latter shall be determined in
the following maniner to maintain established loading factors forthe common
amplifiers. When two or inore data or telegraph channels are operated over
the samie voice channel, they shall be operated at still lower levels te produce
equivalent loadings. Data or telegraph signals with FSK modulation produoe
constant power loading, while AM systenis operated at teletypewriter speeds or
higher, effectivelv load the voice channel about 3 (11) less, and hence nmy be set
at. levels 3 d1) highier than FSK. The inaxiniimu levels for signal tones in a
voice chalnnel shall )0e- .

FSK -------------------------------------------------- :3 dbtitO
AM N..------------ ------------------------------------- 10 dbmO

For more than one subchiannel per voice channel, these levels shall be reduced
by (t0 log,, n) (11), where n is the number of suiichannels, or 3 db) lower each
time the number of suihehannels is doubled. The mean absolute power at zero
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relative level for speech plus signaling currents over a telephoite channel shall
be - 15 dbmO. It is anticipated that in a systii with no voire traffic, tile data
or telegraph loading levels may be increased.

3.2.2.5.1.1.12 Test Procedures. Test procedures, where applicable, are
given in chapter 5.

3.2.2.5.1.2 Interface Parameters. The interface parameter requirements
summarized in table 3.2.2.5.1.2 differ from the transfer function parameters
in that they are primarily concerned with the interconnections between trans-
mission circuits and switching equipment or end instruments (in allocated cir-
cuits), and between different parts of the transmission system. They deal with
impedance, voltag,• and power levels, and frequency bands. which are specified
so that a building block relationship is set up to provide maximum interchange-
ability and flexibility. Primary interfaces occur where transmission circuits
meet switching equipments or end instruments. Secondary interfaces occur
within the transmission system where circuits or aggregates of circuits of the
same or a different subsystem meet at audio, group, supergroup, baseband, or
intermediate frequencies. All levels specified shall be within ±0.5 db.

Table ¶.L5.1.3. Transmisaion Specifications for DCS Reference Circuit Interface
Characteristics

l'atmmter R~qutreneint

Audio Side of Multiplex Equipment (4-wire):
Relative level, modulator input .......... - 16 dbr
Relative level, demodulator output ...... + 7 dbr
Impedince, balanced/channel--- -..------- 600 ohms
Return loss vs. 600 ohms ------- --------- 26 db min.
Level adjustability------ ..............- - 0.5 db

Basic Group Frequn•ey:
1 Basic group frequency band (12 chanuelq). 60-108 kc
Impedance, balanced/unbalanced ......... 135 ohms/75 ohms

Bax. Supergroup Frequency:
Basic supergroup freq. band (60 channels). 312-552 ke
Impedance, unbalanced ------------------ 75 ohms

Baseband Side of Multiplex Equipmeot: Rf ,ulpfflt Muai~u
Relative levels (ir:tTIin~itting) per channewl* _ - 45 dbr, input > 35 dbr, output
Relaitiv le hev'l- !rvcivizigi per chaitinel -> 15 tlhr, outtput Z - 25 dMr, input
Tmpt-l:1tel'w, hhud undahunrvd - 135/75 ohms 1:35/75 ohms
l{mtiirir ho vo %-,. rumin:l impu'utiuuu , 20 d111. mi.. 20 d(b, min.

hIteri,,di:at. Fri-tituit m'v
Fre'It-,nev 70 mc
I iiplu,' uuuttt',. tu ii *'l,: lui'u 75 ouns
li rTi ii -- .', 7.1 ,(ditnu 21) fll, miit

Snis":d outplt lh.o.l IF r,.p,:t,.r ,,lh If) 5 % olt, rnuu

Signal •piuut hI v.l 4 1 F rp.atf.r otilv, --0.3 volt. rp•

"1., ' t. • t r, . ....I,

3.2.2.5.1.2.1 .1adit, 4ieqtunuc! Infrfaca
3.2.2.5.1.2.1.1. 7TYaumis.i•on Lere,,. .1ifufiplux Euipine,'un.
Ii) Tlit intput ti. fite' rlhoutvl] o•mhlilator shull Ihe --- Ilf dhr.
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(b) The output from the channel demodulator shall be +7 dbr.
(c) The input and output levels specified apply to the multiplex equipment

proper, and provide a net gain of 23 db in each one-way path. These levels
shall apply to all channels of the multiplex equipment, without regard for the
net loss to be provided by any particular trunk, whether terminated on a
two-wire or a four-wire basis. All channels shall be maintained on the same
basis, so that a - 16 dbm test tone at any modulator input shall result in a 4- 7
dbm output from the distant demodulator, insuring that all channels are inter-
changeable and may be freely patched at multiplex access points without need
to change adjustments integral to the multiplex equipment.

3.2.2.5.1.2.1.2 Transmission Lerels, Trank. Four-wire input and output
levels of trunks, at points accessible to the restorai or switching equipment
(or user equipment in the case of allocated eircuits), shall be adjusted to meet
levels and cirnuit net losses determined for each particular group of circ,,its by
the overall transmission plan for the transmission network. Such circuit net
loss adjustments shall be made independently of the multiplex equipment (on-
trols by inserting suitable attenuators or pads between the access terminals
and the multiplex equipmont. The 23 db ret gain of the one-way channel
facilit' i.s making various interconnections to obtain special multiple or branch-
ing arrangements, to insert or bridge supersisory and monitoring equipment,
etc. When two multiplex channels are permanently connecrted in tandem to
build up a longer circuit, the level disparity shall be met by inserting 23 db
loss in ea, f side of the four-wire paths.

3.2.2.5.1.2.1.3 Impedance and Return Lomm. The inmedanee shall be a
nominal 600 ohms, balanced to giound, with a return loss against 600 ohms of 26
db minim-nm over the audio bandpass with equipment lined up at correct
levels.

3.2.2.5.1.2.1.4 Level Adjustability. Levels. shall be adjustable to within
±0.5 db.

3.2.2.5.1.2.2 Group Frequency Interface.
(a) Frequency Band-(12 channels) 60 to 108 kc, lower sidebands.
(b) Impedance- 135 ohms, balanced to ground or 75 ohms unbalanced,

and a minimnum of 20 db return loss over the group frequency range.
3.2.2.5.1.2.3 Supergroup Frequency Interface.
(a) Frequency Band- (60 channels) 312 to 552 kv. upper sidleands of

individual channlels.

(h) lmipedauce 75 ohinis, mtilmhlamie'l til vrouiil, 1i111l a loinill1m1l of 21?
d( return loss over the supergroup frequency range.

3.2.2.5.1.2.4 .ifultlhpr BaR, band lo,t, rfacr l This itilvrfaie is of .on-
siderahle import an ' since here tlie i, multiplex equiipmien t ineels lhe radio equip-

eniiit of it rdiio rela y SYSteln or the tIir i immil ca-rier repeitivrs ILf w i,%,re fine
sNVStelli.

3.2.2.5.1.2.4.1 Lirtls, Transinidttings D;r, ch;,m Thf. v~uiiiiii,hx qiiiiinient

shall deliver a multiplex signil with a pIer-lhaniel relattive lest toi.e level of at
I,,st -35 dbr. Tle ratdio or wire line traiismiiltiing equtipmtnt sholl op.rate
liroperlv on a relattivv level as low as -45 dir ler ,imiia l.

3.2.2.5.1.2.4.2 Lr~i, Io , ;irain, I)irt ci,,i Th'lo. rwho ,r w-%Irv Ille rcenv -
iug equilmtient shall deliver a muhliplhx signal \,itli it tImr-clhatinvl rihti', h',,'l
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of al least -- 15 dhr. The multiplex equipment shall operate properlI ojI a
relative level as low as -25 dbr per channel

3.2.2.5.1.2.4.3 Impedance and Return Losves. The nominal in'pedimie
for balanced equipment shall be 135 ohms; the nominal imnpedance for un-
balanced equipment shall be 75 ohnis. Against the nominal impedance, the
return loss shall be at least 20 db. Table 3.2.2.5.1.2.6 indicates application of
the balanced and unbalanced impedances to number of channels in radio relay
systems, and the frequency allocations of the baseband.

3.2.2.5.1.2.5 Intermediate Frequtncy Intcr.ace. The IF portion of radio
relay equipment may provide an interface in some system designs. The
following parameters shall be met:

(a) Frequency-70 me.
(b) Impedance and Return osas-The impedance shall be 75 ohms,

unbalanced, and shall have a return loss against the nominal impedance of at
least 20 (lb.

(c) Signal Levels In the receiving direction, the IF output voltage shall
to equal to or greater than 0.5 volt, rmns: in the transmitting direction, the
required IF input voltage shall not exceed 0.3 volt, rms.

3.2.2.5.1.2.6 Mlodulation Plan. (Under consideration See table
3.2.2.5.1.2.6.)

3.2.2.5.2 Noixe and Interference.
3.2.2.5.2.1 Total Noise. The total noise from all sources appearing in any

channel shall not exceed a median value of 25,000 pwp (38 dba F1A weighted)
during the wor.4t hour of the month of poorest transmission.

3.2.2.5.2.2 Allocation. The following allocation of allowable median
noise to various parts of the DCS Reference Circuit shall be followed unless
different trade-offs are dictated by particular requirements:

(a) M ultiplex equipment . .... ........ ... 5, 000 pwp

One Link
Channel translation 345 pwp
Group modem equipment (2) --- 140 pwp
Supergroup modem equipment (3)- 180 pwp
Through group filter and AGC equipment (3) 1_50 pwp

Total for one link.-. 815 pwp
Total multiplex equipment for six links- 4,890 pwp

(b) The 20,000) pwp nedian noise assigned to the transmission media shall
6- derived in equal parts from the two principal sources, thermal and inter-
modulation, thus allo%%ing tt0,A100 p" P therinal aMid 10,u0110t pwp imhtrmimomdilatiotl
noise
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mTable 8.......DCS Modulation Plan

Baste elf-channet) Group* (Under consideration)

Basic (6'0-channel) Su~pergroup: Five groups translated (as upper sideband8t to occupy the

basic supergroup freauency band 312 toa 552 kc.

Freq. limits Nominial impedace I~ebn Powertinuiy pilot

bhannemsdb h buenput (otms) freq. (kil note 1)

24 12-108 12-108 135 bal -45 +4.5 116 (or 119)
80 12-252 12-252 1315, bal -45 +1.75 304 (or 331)

*60-300 60-300 75 unbal -45 -15
120 12-252 12-552 135 bal -45 +1.75 607 (or 304)

*60-552 60-552 75 unbal -45 -15

pilots

1. Frequency comparison and control monitoring (Under consideration)
2. Thriugh regulating pilot (Under consideration)

Notes: 1. Frequency stability of oosttinuity pilot shall Ie better than 5Paru Int1O'.
2. *Handwidlth of while noise spectrum for lntermnodulatlon noise meausuments.

3.2.2.5.2.5 Distribution. A time distribution is required since line-of-
sight systems are subject to fading, causing the noise power to increase con-
siderably from time to time. Excessive noise, caused by unsatisfactory radio
transmission shall not exceed 316,000 pwp (49 dba, FlA) at zero relative level,U1-minute mean value more than 0.01%7 of the time, during the month of
poorest transmission.

3.2.2.5.2.4 Interference. Unintentional interference shall not be allowed
to exceed a level as follows when the channel is used for active speech trans-
mission:

(a) Coehannel ---------------------------------------- 24 db&O
(b) Adjacent channel----------------------------------- 21 dbaO
(c) Unidentified--------------------------------------- 21 dbaO
3.2.2.5.3 Transmission Properties. Standards for the determination of

transmission loss are given in 3.2.2.5.4. In order to facilitate the comparison
of results, the follouinir is given so that transmission loss determinations may
be presented in a uniform manner:

3.2.2.5.3.1 Long-Term V'ariations. The hourly median transmission loss
not exceeded duritig .50, 90, 99, and 99.9 percent of all hourly medians of the
period of reference shall be determined. The period of reference shall not he
less t han I nionth. D~ata shall also be given to show the distribution of thle
hourly itedian tranismissiont loss over the entire Year.

3.2.2.5.3.2 Datti Prowittabtion. The statistical results of the Irti~sniission
loss theterniiiiation-i shall be displa 'yed on prohahiiht paper. The tranismiissiont
loss shall be plotted along the ordinate and expressed in diecibels; thle percent age
of thime shall he p~lotted alon~g the abscissa, with a Scale following the (alassialt
probahility law, with percentages increasitig front left to right

3.2.2.5.4 Tro nxm'inision Lo.ox: C~alculationsi.
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3.2.2.5.4.1 Radio Referetce Atmosphere. The Standard Radio Reference
Atmosphere shall be the three-part model as follows:

(a) The radio refractivity, N, decreises linearly in the first kilometer
above the surface; that is,

N=N,+AN(h-h,),h,<_h <h,+

(b) The radio refractivity, N, equals 105 at 9 km above sea level and the
refractivity decreases exponentio!ly between I kin above the earth's surface,
h,-+, to the value of 105 at 9 kin; that is

N= N, exp (-h-,-1) )), h,÷1:5h_5<9,

where
1 105

8 W-h, LnN,
and

N, is the value of N at h=h, +1.

(c) Above 9 km the refractivity is determined by:
N=105 exp ((-.1424(h-9) )), h>9 km.
N is the radio refractivity.
N, is the surface value of refractivity.
AN ib the difference in N values at a height of 1 km above the surface

and at the surface.
h is the height above sea level.
h, is the height of the surface above sea level.

The constants for the standard radio reference atmosphere are given in table
3.2.2.5.4.1 and shall be used in the computatiop of the basic median trans-
mission loss due to Microwave Line-of-Sight Propogation.

Tubb1 3,.2.5.4.I. Constants for the Standard Reference Atmosphere

N. A,f.'t ai'mik.. -N . ,z. Mil e per KM

0 0 3960. 0000 0 1.00000 3960. 00 0
200 -- -- 10,000 3061. 8939 22. 3318 1. 16599 4619. 53 0. 106211
250- ..........-- 5. 000 3960. 9470 29. 5124 1. 23165 4878. 50 0. 114559
: 01 . 1,000 M 390. 1804 39. 2320 1. :33327 5280 00 0. 118710
313 --- - ---- 900 3960. 1324 41. 9:388 1. :36479 5403. 88 0. 121796
35' - 0 3960. 0000 41 5530 1. 48905 5896. 66 0. 1:10579
40 k.- . 0 :1960. 00i0 68 1295 1.76684 6996. 67 0. 143848
450_ 0 3:60. 0000 90. 0406 2. :34506 9296. 44 0. 154004

Nrtex n. is tha, effet'cive i-arlhs ra-Iiil I111 JA., 41113 ll, a• 'k

a + a4h. ", hcr' h,1 I". t '. tit, , hi/ t 'd t h. 1.a No h a ' lr I,, t. , ,th

a- =I,WI( ],ites
I N,

h. In 1-0
n-_h. iia

3.2.2.5.4.2 P'ath ibi,,it,'!q. Tlhie gvoinvtriv'al paifrinrers detined in figure
31.2.2.5.4.2, q)i'('itivally the' p)atth dista et, #•, ,nd C'( i(a-iunz Aii-,lv e, A.Mha.U be de-
tvriiujed iusint- Ow ft.trs ,,f the ac'cura,'y Slwv(ihied int 32.2 -5 7. Siting, and
with the, effecrt ive ,arth's radius, a-, defiipl in ta)le 3.2.2.5 4 1, (U',ustalits for
the Standard Rlef,re•'e Atniospheri-.
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Figure 3!..f.S..4.f.a. Geometry for W thin-the-Horizon Path
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14AO4

Figure 31.2.2.6.4.2.b. Geometry for Frceriol Zone Calculationsj

312.2.5.4.3 Tran-Rmi.snion Loss. The transmission loss shall be deter-
mnined either by (1) computation, or (2) from path loss measurements and
computation combined.

3.2.2.5.4.3.1 (Cnnpulation. The basic equation for the computation of
transmission loss shall contain, as a minimum, terms showing the effects of
frequency, distance, terrain, and meteorological conditions. The computed
transmission loss using the basic equation shall be an hourly median value based
on the Standard Reference Atmospheres (3.2.2.5.4.1) and on geometrical para-
meters to the accuracy specified in 3.2.2.5.7. The data shall be presented to
show the worst, hour worst month loss.

3.2.2.5.5 Freqiune~,' Asv4qn imprnt.
3.2.2.5.5.1 (hatninel Spae irg. The inininmun RF chaninel s4pacting for anyv

microwave system shall be its follows:

36L - 5.6; Mt's
~IL - 11.2 M"~

>WK)~1 -- 290 Mis

3.2.2.5.5.2 '1Fai'ltt-t(!?' r! qliriir!1 Scjitii'qtitii

(n) All of the ",-o'' 'hminiels shiall bv inl iiio-hillf 4I11w the and, anld 11ll
If thie "return'' chin no i'Is shall be in tii ote i)cr h alf o f tw he nd 1)03l1 Th t erins

t rIansiInissil II.
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(b) If a transmitter and receiver are operated at the same frequency in
the same station, the loss between the transmitter and receiver must be greater
than 120 db.

(c) For adjacent radio-frequency channels in the same half of the band,
different polarizations shall be used alternately; i.e., the odd-numbered chan-
nels in both directions of transmission on a given section shall use H(V) polariza-
tion, and the even-numbered channels shall use V(H) polarization.

channels 1, 3, 5 ..... H(V)
channels 2, 4, 6 -- .. V(H)

channels 1', 3', 5"_. H H(V)
channels 2', 4', 6'..- V(H)

(d) In order to prevent interference between the transmit and receive
antennas on opposite sides of a station, each channel shall be shifted in fre-
quency (or frogged) as it passes through a repeater station as shown in table
3.2.2.5.5.2(a).

Table 3.3.2.5.5.2 (al. Minimum Shift in Frequency as a Channel Paoe. Through a Station

Rl warre heqoutq in M,,
Number of voice channels RIP__~___________InNic

2,000 to 4,00 I,0m0 Ito SD0

120 or le•s- ----------------------------------- ------ 120 161
300 or greater ------------------------.-.---------------- 213 252

(e) The minimum separation between a transmit and receive carrier
frequency on a single hop shall be as shown in table 3 2.2.5.5.2(b).

Table S.R...5.5.2 (b). Minimum Separation Between a Transit and Receive Carrier Frequency
at a Single Station. (Minimum Guard Channel Width Between Upper and Lower Half
of the Allocated RF Frequency Band.)

Number of %oloe channels _ _ carr _t frequency in Ws

2,05 to 4,000 6,000 to 8.000

60- 120 49 30,
.120 --. - - -- -- -68 44.,

3.2.2.5.5.3 1Y Interferetrice. The center frequency and the channel
spacing of the RF carrier frequencies shall be chosen so as to prevent inter-
ference due to certain harmnonics of the shift frequency. That is, harmonics
cannot occur at f., the channel frequency, of, at J,, ± 70 Mcs when the IF is
70 Mes.
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PATH -

INTERL.EAVED CENTERLINK v I too
FREQUENCIES

ALL ANGLES, I, SETWEEN DIRECTION OF
Il- 60 If'+ do PROPAGATION AND PATH CENTERLINE

AREiI 2901% MOREIIlV
|1" do I •4.6

PLAN 2

Figure .3.2.45.5.4.b. Recommended Plan for Large Channel Capacity (> 11O) Assuming All
Channels Are Being Used in Erery Hop

may be minimized by using Plan I of figure 3.2.2.5.5.4.a where alternate
channels are used on alternate hops.

3.2.2.5.6 Equipment Performanee,
3.2.2.5.6.1 Anhttnna.x. The antennas used at each station shall be the

broad band, high gain type, A-apable of operating satisfactorily on any fre-
quency in the sptecilied band of operation.

3.2.2.5.6.1.1 haw•eristic Impedance. The characteristic impedance
shall i. 5() 1 ohm11S.

3.2.2.5.6.1.2 ,itaye Standing WIare IRalti (1811"R). The VSWR shall
not exceed L.2 to 1.

3.2.2.5.6.2 Trantsmi.-c-ion Line. The transmission line shall be capable
of transmitting the requirc-d RF power with the charaeteristics listed below.
Tie use of coaxia, ,onnevtorm shall 1w. heili to a nwiniiman. The length of any
triisiiiission line shall bie held to a mininium commensurate with good engineer-
ing prl• tivi mid shall not exceed 2o0 feet in any vase.
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3.2.2L5.6.2.1 Characteristic Impedance. The characteristic impedance
shall be 50 ohms.

3.2.2.5.6.2.2 Voltage Standing Wave Ratio (VSWR). The VSWR shall
be leos than 1.05 to I when terminated in the characteristic impedance of the
line.

3.2.2U Receiving Equipment.
3.2.L5.6.8.1 RF Input Impedance. The RF input impedance shall be

50 ohms.
32.2.5.6.32 Frequency Stability. The center frequency of the receiver

shall be controlled to within 0.01% for all operating conditions.
3.2.2.5.6.3.3 Imame and Out-of-Band Frequency Rejection. Image and

out-of-band frequencies shall be rejected by at least 60 db.
3.2.2.5.6.3.4 Intermediate Frequency Characterisics. The nominal cen-

ter value of the intermediate frequency shall be 70 mc. The output impedance
shall be 7J5 ohms, unbalanced. lo the receiving direction, the IF output volt-
age shall be equal to or greater than 0.5 volt, rms; in the transmitting direction,
the required IF input voltage shall not exceed 0.3 volt, rms. The transmission
amplitude characteristic shall be uniform within ± 1.5 db over the intermediate
frequency band.

3.2.15.L4 Transmitting Equipment.
3.2.2.5.6L4.1 RF Output Impedance. The RF output impedance shall be

50 ohms.
3.22.5.6.4.2 Carrier Frequency Stability. The carrier frequency shall be

controlled to within 0.01% for all operating conditions.
3.2.2.5.6.4.3 Spurious Emission Suppression. Spurious emissions occur-

ring outside the assigned band shall be suppressed 80 db or more below the
carrier output.

3.2.2.5.6.4.4 Preemphapis Characteristic. As far as is practical, systems
should conform to the following characteristics:

3.2.2.5.6.4.4.1 Frequency Deviation Without PreempAaW-.-.
lAts d.4US
P& CMMuiMM muJm tuna. 0Iehauud. (ie.a)

24 ------------------------------------------------------------------- 35
60 -------------------------------------------.----------------------- 50,100,200
120 ---------------------.-------------------------------------------- 50, 100, 200
>300 0--------------------------.-------.-------.------------------- 200

3.2.2.5.6.4.4.2 Frequency Deryaion With Preemphauis. Where pre-
emphasis is used, the preemphasis characteristic shall be such that the effective
(rms) deviation due to the multichannel signal is the same with and without
preemphasis.

?Vote. It im recommenderl th,%t the preemphliu4i eti-aeterifticm he that obtained by the
network givwn in CCIIM Recommendation No. 275 and contained in the addt,•dum to Tropo-
spheric Scatter paragraph.

3.2.2.5.6.5 Multiplering Equipmpnt. Characteristics of the multiplexing
equipment are specified in 3.2.2.5.1.1, Transfer Function Parameters, .1.2.2.5.1.2,
Interface Parameters, and 3.2.3.3. Performance Standards for Frequency
I)ivision ('hanneling Equipment

3.2.2.5.6.6 Tfs Procedurer. Test procedures, vN here applicable, are given
in chapter 5.
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3.2.2.5.7 Siting. The determination of path parameters shall be in
three parts: (1) the preliminary determination, (2) the site survey, and (3)
the final determination.

3.2.2.7.7.1 Preliminary. When a preliminary study is made, prior to
actual site survey, Fuch that several alternate site* are selected, maps rshall
be used with a scale of at least 1 in 250,000 with contours to the nearest 20
meters. Distance shall be determined to the nearest mile.

3.2.2.57.2 Site survey. The selected site(s) shall be surveyed, such
that a terrain profile may be constructed showing the distances and elevations
along the path azimuth, with an accuracy not less than the following:

(a) Corrdinates to third order accuracy.
(b) Elevations to the nearest 2 meters.
3.2.2.5.7.3 Final Determination. The final path parameters (path

profile) shall be determined with an accuracy not less than the following:
(a) All distances to 0.1 mile.
(b) All azimuths to 10 seconds.
(e) Maps utilizud shall have a scale of I in 25,000 with contours at 5-meter

intervals. In areas where maps to this scale are not available, a scale of up
to I in 100,000 with contours at not more than 30-meter intervals may be used.

3.2.2.5.7 Hazards. The following, conditions shall apply regarding
hazards to personnel and equipment.

(a) The area in the vicinity of the antenna(s) shall be restricted to pre-
vent inadvertent entry so that personnel not be exposed to either continuous
or intermittent power levels in excess of 0.01 walt per square centimeter,
average power.

(b) The area in the vicinity of the high power equipment shall be restricted
to prevent inadvertent entry so that personnel not be exposed to X-radiation
exceeding 2.5 niilliroentgens per hour or 1,000 milliroentgens during a 40-hour
week.

(c) Fuel storage areas shall not be exposed to RF power in excess of 5.0
watts per square centimeter, peak power.

(d) Power levels constituting hazards to explosives have not been firmly
established.

(e) Power levels constituting hazards to equipment have not been firmly
established.

3.2.2.5.8 Systemno lrformance. For analysis purpoes, it is convenient
to consider systems performance in terris of (1) Sinvle flop Perforiv, rce,
and (2) Tandem Ilop Perfornian.e

3.2.2.5.8.1 Single Hop Pt rforinance.
3.2.2.5.8.1.1 Noise in a llal ('ircuit The psopliometrivally weighted

noise power, xeluhdin.g multiplex equiplmient noise, at a point of zero relative
level in the audio .hann,,ls of a real line-of-sight hop of length Li nautivial
miles, where L is less than 1,000 nautical iiiiles arid whose composition dlo:es
not diiffer appreciably front the l)(':S Reference ('ircuit, shall not

(a) Exceed 3.:3LV. pwj ieiain during the worst hour of tihe worst 1jionth

(b) Exceed :116,00)0 pwp titore thai a 'mnulative t -e 0." (IOtv' (if thOw

tinie during the worst monthi.
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It is not expected that all hops will meet the noise limit specified ir. (a, above;
some hops will be better and some worse. However, the cuwulative noise
power from all hops in tandem within the 1,000-nautical mile reference link
shall meet the specified performance criteria.

3.2LS.&I.2 Performance tests. After all equipment has been properly
installed and adjusted, and transmission levels have been properly set, per-
formance tests shall be made on each hop to determine the quality of trans-
mission. These tests shall be in two parts: (1) local tests, and (2) transmission
system tests.

3.2.2.5.4.1.2.1 Loe'a tests. The local tests, from multiplex input to
multiplex output including the radio transmitter and receiver, shall include
but not be limited to those tests required to establish the characteristics
specified in 3.2.2.5.1.1. Transfer Function Parameters. Test procedures are
given in chapter 5.

3.2.2.5.&.1.2.2 Transmissinm System Tests. The transmission system
tests, including the propagation medium shall include as a minimum the
measurement of stability of the net gain or kqs in the baseband and total
noise including intermodulation noise. (See 3.2.2.5.8.3.)

3.1.1.5.8.1.23 Duration of Measurement.
3.2.2.$.1.2.3.1 Continuous Uniform Spectrum. Total noise masured in

each direction in each hop with a continuous uniform spectrum signal shall be
of a duration necessary to establish a cozielation between the totaý channel
noise and the received signal power, but in any case shall not be less than 72
hours valid data.

3.2.2.5.4.1.2.3.2 Received Signal Level. The received signal power in
each direction in each hop shall be recorded continuously for a period not less
than 30 days (preferably 6 months). This data shall be presented to show the
signal power exceeded 0.1%, 1%, 10%, 50%, 90%, 99%, and 99.9% of all
hours during the period of measurement. The correlation between the received
signal power and total channel noise shall be shown.

3.2.2.5.8.1.2.3.3 Voise in Actual Trafic. The total noise measured in
actual traffic in each hop in each direction after the system is in operation shall
be recorded continuously for a period not less than 30 days (preferably 6
months).

3.2.2.5.8.2 Tandem Ilv,, Pe trformance.
3.2.2.5.8.2.1 V,,isx in a lcal (Orruit. The pýophonietrically weighted

noise power, exeluding multiplex equipment noise, ait a point of zero relative
level In tile audio channels of a real line-of-sight sy tieii of length L nautical
miles, where L is bet ween 1 I100 aIl 0i0' eu fautical iiles, mn 1 whose colliposit oll
does not differ apprecitthly fromi the M)('S Reference ('ircuit shall not

(a) Exceed :t3.:m L pwp nmedian during the worst hour of t he worst monthi.

(b) Exceed :1 i,O000 pwp more than it iimulative - Xll.)m% of the6,0O0 "
time during the mount h of poorest traiinmission.

It i, •llyned 0 i 1 Mi I I ,,i n I ift til I , I i I, W 'i i . , ru IulW . |I w th i , u I,, i., r m I,,, o -I in. -tyr, -tit :i.
ntr s i,r s ih r w- , I, du rlQ , mii s lurt, .[Ilhr,, :1l ust I I '.ds1 st(l utt flsront I I-li, ft n I ,, I i-'n, s I' t55r' id5i si•tII 5,l
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3.2.2.5.8.2.2 Performance Teats. Tandem hop performance tests over
the entire system shall include as a minimum the measurement of stability of
the net gain or lows in the baseband and total noise including intermodulation
noise.

&2.2.5.8.2.2.1 Pwaion of Noise Measurement. The total noise in each
direction in the entire system shall be recorded for a period to provide 72 hours
of valid data as soon as practicable after installation.

3.2.2.5.8.3 Total Noise Measwrement. Total noise, including crostalk
noise, should be measured with a continuous uniform spectrum signal or during
actual traffic. Measurement with a continuous uniform spectrum signal is
made while the system is not carrying actual traffic and with a white noise signal
representing system loading during busy hours; measuement during actual
traffic is made in bands just outside the total multiplex band, in actual traffic
conditions.

3.2.2.5.8.3.1 Measurement With Continuous Uniform Spectrum Signal.
It is desirable to be able to measure the performance of radio relay systems used
with FDM under conditions closely approaching those of actual operation,
without necessarily having FDM equipment installed and connected. For
systems with 12 or more channels, it his been established that a white noise
signal (a signal with a continuous uniform spectrum) has statistical properties
similar to those of a multichannel multiplex signal. This type of test uses a
white noise generator producing a spectrum of width corresponding to the
multiplex signal it replaces, but with specified gaps produced by stop filters,
at the lower and upper edges of the baseband (just within or just outside) and
at the center of the baseband. The noise measurements are made in the stop
bands, through suitable receiving filters. Specifications art given below for
those parameters. They correspond to C('IR Recnmmendation 294 (Warsaw,
1956-Los Angeles, 1959).

(a) White noise signal spectrum--Table 3.2.2.5.8.3.1 gives the bandwidth
for systems with 24 to 600 channels, for the allocitions starting at 12 ke at the
lower edge.

(b) White noise signal power levels-The power level of the white noise
signal is computed weording to the following formulas, relative to 1 mw at a
point of zero transmission level, where n is the total numnber of channels in the
vircuit:

(,) For systezas with froma 60 to 240 telephone channels:
Powevr levl1 = (- 1 4 log ion) dbl ()
(Pro isiomally applies down to ilniaminauanm of 12 chlannels.)

(2) For svytmi with 240 to 600 channels (or mnor,):
Power hvel ( - 15 1 10 logion) 4ilh)11O

(c) Wit hIill I Iit -,,'citifil ,bmid, the rn is noi-s volt ag levels iit asurvd w it Ii a
rmir,,w Ihandwil h of about 2 k, should not vary more than 1 dA. Outside this
banid, the powver should drop sharply and h1w more than 25 1b )downt at till fre-
quencies great ,r 1han I0% al,ove and 20% below the hand.

(d) Stop and aMIld filters -To clear the measurm.,ent .hannel,; of whin,
Tnois,,, stop hianld fiht's af'ir rTuired at the out put of t he whit 1- ,1 ise gener'ator.
T7 iv, e•it er fr.lunics of t hese fill ers shouhld I I h l. tIh,' UmP i I tr fih m,,asI rimn 11
,hamnels showvn in tahh. 3 2 2,5.%..:1I. 'I'lhree filh,.rs ý},,ml 1w,' usd in it gi%,

3-41



DCA CIR 175-2A
I Apr 63

case, including the center channel and either the outside band (OB) or inside
band (IB) channels. The attenuation of noise in each stop band at the gener-
ator output should exceed 80 db over a band at least 3-ke wide, and should not
exceed 3 db at frequencies of ± (0.02f + 4) kc, where f is the center frequency
in kc. The shape of the filter characteristics should be such that, when all
three band stop filtes are simultaneously brought into the circuit, the errors
in measurement as compared with a measurement carried out with a perfectly
uniform source and an indefinitely narrow stopband should not exceed 1 db.
Error here jneans the loss due to insertion of filters, to changes in spectral
distribution of thermal and intermodulation noise produced by the insertion,
and to other causes.

(e) Measurement filters--Intermodulation noise measurements should be
performed in the m"ae bands provided in the particular case, with stop band
filters as described in the preceding paragraph. The use of these channels is
preferred for special tests, calibration, etc. The effective bandwidth of the
measuring filters in the receiving equipment slhould be designed to be narrow
enough to provide satisfactory measurements, taking into account the possi-
bility of stop band filter attenuation as low as 3 db at the frequencies ± (0.02
f + 4) kc with respect to the center frequencies as allowed in the stop band
filter requirements.

(f) Additional or alternative measuring channels-These may be used
as required by circumstances.

(g) Noise power ratio (NPR) or slot noise power ratio is the ratio of the
noise power appearing in a measurement channel with the corresponding stop
band filter first out of the circuit and then in the circuit. The change in level
is independent of the precise width of the measurement channel.

3.2.2.5.8.3.2 Measrement of nwise in actual Irajc. Once a radio relay
system is placed in service carrying FDM channels, it may be difficult or'im-
possible to withdraw it from traffic at will for measurement of noise by the
use of white noise signals. It is therefore desirable to specify measurement
channels outside but reasonably close to the total bandwidth of the multiplex
signal, in order to measure the intermodulation products due to the nonlin-
earity of the system. It is desirable to measure noise in a channel just above
the multiplex band, since this is generally more sensitive to changes of thermal
and intermodulation noise in the RF and IF parts of the equipment. On the
other hand, measurements in a channel below the multiplex band are more
sensitive to changes in the modulators and demodulators. It is usually neces-
sary to use stop band filters at the input of a system to minimize noise on the
incoming circuit in the bands occupied by the measuring channels. The
following requirements are derived from CCIR Recommendation 293 (Los
Angeles, 1959).

(a) Stop band filters-- The attenuation of the stop band filters at the in-
put of the system should exceed 50 db over a minimum frequency band ±
(0.005 f+2) kc, where f is the center frequency rf the measuring channel in
kc. The additional attenuation caused by the i ,sertion of the stop filters at
the lower edge and at the upper edge of the total multiplex hand should not
exceed 0.3 db referred to the additional attenuation caused in the center of the
multiplex signal band. The center frequencies of the noise measuring channels
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are given in table 3.2.2.5.8.3. 1. When the center frequency is 10 kc. the mini-
mum frequency band is to be ± I kc instead of the band calculated according
to the formula given.

(b) Measurement filters-The characteristics of the measurement filters,
the center frequencies of which are given in table 3.2.2.5.8.3.1 should be de-
signed to be sufficiently narrow to give satisfactory measurements, taking
into account the characteristics of the band stop filters.

(c) Continuity pilots-Frequencies given in table 3.2.2.5.8.3.1 for con-
tinuity pilots agree with the central frequencies of the noise measuring channels
above the multiplex band. It may be useful to combine the evaluation of the
power of the continuity pilot with the measurement of the noise around it.

(d) Filter designs-It is desirable that design of band stop and meas-
uring filters should enable them to be used both for maintenance measurement.
and for measurement. of white noise.

(e) Disconrectiur nf rzetain channels-In certain telephonze channels,
and in combinations of them, harmonic distortion may be produced. This
may make it necessary to leave these channels disconnected (for example, if
the second or third harmonics coincide with the central frequencies of the noise
measuring channels).

Table 8..58S1. Parameters for radio "elay systems.

Noble mesluring channels center frequencies in Ise
Freq. limts
bedoccw- Freq.. limits White noise (Note 2)

Number of iebytel. bireband continuity pilot Actual trafic ____________

cliannelis ches. kc) (kc) freq. (kc) (note
(note 8) IiLower Uppser

-- - ~~Center____
Below Above 08 III Is 05

24 ------------- 12-108 12-108 116 (or 119) 10 116......................---
(or

119)
60 -----------. 12-252 12-252 304 (or 33 1) 10 304 50 70 ---- 270 331

*W30-3 60-300------------- 50 331 ------------- ---- ----
120----------- 12-252 12-252 607 (or 304) 10 607 50 70 270 534 607

*60--552 60-5521----------------0 07- ------------ -- _.----
300 )----------- 60-1300 60--1364 1409 50 1499 50 70 534 1248 1499

64-1296
600 ---------- *00-2540 00-2792 31200 501 '3200 501 701 12481243813200

*64-2660

NOTES 1. Frequcoc)'staisibty of continuity pilot should he helteir than 5i perts in 10'.
2. Lower and ulppxr niteiisuring channels may be either outnide (IM or Inside (lit) til he han of slilt. fol

signill.
3, -Bandlwidth of white noise sgw~ctrum for linternmouiulation noise ineagurenIwnt.

3.2.3 W4ire Siystem,,c
3.2.3.1 7ra~iisnixsion Afodev. 'rhe transmission miodes encomipassed ill

these specificatiotis consist of Standard long-distance wire configurations anid
their associated t erminal and int ermrediat e equipments.

3.2.3.1.1 I)(S Referenee C'ircuit (Otyrall Wire Syxirm) - The composition
of thel DCS Wire Reference Circuit coincides withl that of the D( S Wideband
Reference Circuit descrhbed in patragraph 3.2.1. Each audio-to-audio link is
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defined as having a maximum of one set of channel translating equipment,
two sets of group translating equipment and three sets of supergroup trans-
lating equipment. The DCS Wire Reference Circuit is further described in
the following paragraphs in terms of its transfer functions and interfac' param-
eters. Actual wire circuits which are a part of the DCS shall be designed to
have these transfer functions and interface parameters.

3.2.3.1.2 TransJer Function ParameterB. The trans'er function param-
eters define dhe properties of the DCS Wire Reference Circuit in terms of cir-
cuits utilizing 4-kc channel allocations involving the various distortions, noise,
stability, adjustments, and signal level loading. The parameters may be de-
fined v ithin three aspects: overall reference circuit, transmission medium
(including repeaters), and multiplex equipment (for one nominal 1,000 nm
link).

3.2.3.1.2.1 E&ho Return Loss. The echo return losw is specified in terms
of echo tolerance of circuits terminated in two-wire or four-wire switching
centers or instruments.

(a) The echo return loss of two-wire terminating circuits is specified as
not less than 13 db at the terminal switching center.

(M) The echo return loss of four-wire circuits with two-wire end links is
specified as not leas than 27 db on the two-wire end link.

3.2.3.1.2.2 Insertion Loss Frequency. The response characteristics are
stated in terms of insertion lows referred to the 1,000 cps loss. Thus a posi-
tive figure denotes lower response and a negative figure indicates a higher
response relative to 1,000 cps.

Single Link Channel Frequency Response
The frequency response referred to 1,000 cps for the multiplex equipment

(1 link only) shall be as follows:
600-2,400 cps --------.---------------- +0.7 -0. 7 db
400-3,000 cps - -------------------- +1.5 -0. 7 db
300-3,400 cps .---------.-------------- +3.0 -0. 7 db

Overall Circuit Frequency Response
The frequency response referred to 1,000 cps for the overall 6,000-nautical

mile circuit shall be as follows:
600-2,400 cps ------------------------- +4.0 -4.0 db
400-3,000 cps ------------------------- +9.0 -4.0 db
300-3,400 cps ------------------------- +18.0 -4.0 db

3.2.3.1.2.3 Group Delay. The overall group delay of the 6,000-nautical
mile reference circuit shall not exceed 350 milliseconds.

3.2.3.1.2.4 A.'ntylope Delay Distortion. The envelope delay distortion
(differential time delay between any two frequencies between 1,000 and 2,600
cps) shall not exceed 1,000 microseconds over the 6,000-nautieal mile reference
circuit, or 160 microseconds for the multiplex equipment of one link back to
back. Delays are taken to be dirctly additive.

3.2.3.1.2.5 Noise. The following noise 1Igures are psophomnetrically
weighted (dba FIA weighted) and eorreqpond to a nean noise power, when
referred to at zero level, of 25,000 picowatts. Of this 25,000 picowatts, 20,000
are amigned to the line equipment and 5,000 are assigned to be divided up
anmong the multiplex equipment.
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(a) The total weighted noise from all sources on the worst chainiiel of any
system combined front six links in tandenm over 6,000 nautical miles fromn enl
to end shall not exceed a mean figure of -46 dbinOp (38 dbaO) in any hour,
nor -35 dbniOp (49 dbaO) for not more than 0.01 plrcent of any month.

(b) Standards for impulse noise are under investigation.
3.2.3.1.2.6 Harmonic Distortion. Harmonic or in-channel distortion shall

not exceed -40 dbmO for one set of multiplex equipment.
3.2.3.1.2.7 Circuit Impedance. At the audio points where different

systems are ir,.erconnected, the nominal impedance should normally be 600
obhis ±10 percent essentially resistive and provide a return loss of 26 db.
The same shall apply to switching centers having different nominal impedances
where encountered.

3.2.3.1.2.8 Gain (Aange. A measure of channel amplitude limiting is the
gain change for an output level increase. To define the range below which
there should be minimal channel limiting, and above which limiting should
increase sharply to prevent overloading of common amplifiers, channel limiting
requirements are as follows:

(a) Gain change for an output level increase from zero dbmO to +3.5
dbmO shall not be over 0.35 db.

(b) Gain change for an output level increase from zero dbmO to 4 12
dbniO shall be at least 5 db.

3.2.3.1.2.9 Net Loss Variation. The net loss variation due to one set of
multiplex audio-to-audio, back-to-back, shall not exceed ±0.2 db. Allowing

for variations due to the transmission medium, the overall variation allowable
for the 6,000-nautical mile reference circuit shall be ±2.0 db.

3.2.3.1.2.10 Level Adjustability. To hold system misalignment to reason-
able limits, it shall be possible to adjust the level of test signals to ±0.5 db,
particularly at interfaces in the system.

3.2.3.1.2.11 Mazimum Overall C'hange in Audio Frequency. Any audio
frequency entering a channel of the reference circuit shall be reconstituted at
the other end with an error not exceeding ±2 cps.

3.2.3.1.2.12 Stability of Multiplex Freguency Generator. The accuracy
of the initial adjustment of the master oscillators controlling the various carrier
frequencies in the multiplex equipment shall be 2 parts in 10' of the selected
frequency. The rate of frequency drift shall not exceed 2 parts in 10' per
month. The change in frequency on changeover front the operating t(, the
standby oscillator shall not exceed 4 j•arts in 10', due to adverse combinations
of 10 percent changes in supply voltages. Means shall be provided to compare
frequencies of master oscillators in the sane station and between different
stations, to an accuracy of I part in 101.

3.2.3.1.2.13 Sinylle Tone lnttrferice. Single frequency tones shall
not exceed a level of 24 dh(iO when the chlatnel is used for active speech
transmiiissiont.

3.2.3.1.2.14 Data, Ttleyraph and Speech Stlnd al ,bel.v Ii systenis %ith
In a ny* ch',Imn,.l s, wit it so0me channels loaded with voi,'e crurrent s, aid o hers witih

dittea or telegraph signals, the levels of thl latter shall he detvrmiintd in the fol-
lowing 1'II m-i I to 11 2 1aintaitt established loadinitg fo,'lors for 11iv vIotilllln a1) pli

tiers. Whni 'Iwo or more data or telegraph channels are operated over the
snti voice rhannel, they shall be operated at still lower levels to produce
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eq(uiva~lent loadlings. iDatia or telegaraphi signials withI F'SK miodulait ion produce
constant power loadiing, m hile AM systemis operated tit tletypewriter apeeds or
higher, effec(tively load the voice i'haninel ab~out 31 ilh ebs andl hence ilay bei
aiet at levels 3 db higher than FSK. The insxiinuin levels, for signal tones. in
at voice channel shall be-

FSK---------------------------------- ------------ -13(Ibmino
AM------------------------------- ---------------- -l10dbmO0

For more than one channel per voice channel, these levels shall be reduced by
(10 log on) db, where ni is the number of subehannels, or 3 (lb lower each timie
the numnber of subehannels is doubled. The mean absolute power at zero rela-
tive level for speech plus signaling currents over a telephone channel shall be
-15 dbniO. It is anticipatedl that in a systemt with no voice traffic, the data
on telegraph loading levels may be increased.

3.2.3.1.2.15 Teiit l'roceduremi. Test procedures, where applicaible, are
given in chapter 5.

3.2.3.2 Sumbyldem Tranxmimsion Modes. This section spe(.ifies thet per-
forniance of wire and cable susstm that are comnbinedl to forni R transmnis-
sion system. With subsystem performance standards, as specified, and with
careful vonsideration given to the length and quality of each subsystem, those
of inferior performance umatched with those of superior performance c-an be
conlibinedl so that the overall performance- will be mect. (See figure 3i.2.31.2.)

3.2.3.2.1 Open Wire. The )pen-wire subsystem performance requiure-
nments are specified by the following parameters:

(a) Capacity of the subsystem
(b) Frequency allocation
(c) Noise
(d) Crosstalk
(e) Repeater gain andl spacing
3.2.3.2. 1. 1 ra~pacity if the Subxymtem. The subsystem shall provide 1 to

12 telephone channels on one open-wire pair. A number of subsystems may
be ope-ra t ed on one-pole line.

3.2.3.2.1.2 Frequency Allocation. The line frequency shall be different
for the two directions of transmission and shall be separated at repeaters and
terminals by directional filters. The line frequencies for single subsystems
shall be 36 to 84 kc in~ the West to East direction and 92 to 143 kc in the East
to West direction. (-ee figure 3.2.3.2.1.2.)

3.2.3.2.1.3 Noiise. The permissible weighted noise power at the receiving
endl of a 1,000 nM 12-chiantil open-wire, hypot tieical refe-rence c'ircuit shiall not
exceed 14,K00 lpiiowatta tit at point oif zero relal ive level (35.7 dIbi). Of thlis
qua of 1itv n ot IIore tIimn i2,50t) picowait t s ý;itiall Itie ivontrit n ed lby ter* m it tal m uilt i-
plex c qipn lint Ii l t1 Vin ullo~ 111~lno of 12,3;11li ii0 pvwatit t for 'thI'en ti'i inl aniid

intoi rn imiit m ip o n-r tnr mid tii' opi 'n-w in, Ito. aIi'illowii nct of 1 2,300 h pivn-

waitts nily bei tiriki-it dtown liltto , iapaintivr ( tnujn .-. 1t11 tild lilt eniti11dialti) 1 '1400.

hinv cri ossatlk 7,0(111, omsphea ic po" 'I Utold elegrap ilt inenfi 'rt-viii' 3500 '1' tie
tulmvi figure of 1 2,:',(1 picoN%:mt I foi, I 00(1 onI of line ja i-qiivatlemit to anll alow-
attic of 12.3 pivowait t pvr n NI iomnpnnid to 4.11 pliowatta pier 1\M for iahle

3.2.3.2.1.4 ( nevta~k. The jut Iligildi vrosatalk ratio hm~tw~'een till. two
Ito itnvis of it I2-0i in iiir.1 ier t ont'i opvit-%viti satill tiot Iw Ii as thi 6uu 7 (11
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When more than one carrier system is operated on a pole line, t(ie line cross-
talk at carrier frequencies, when the same line frequency allocation is used by
tie two carriers, shall not exceed the following values: Near-end crosstalk,
42 db per repeater section; far-end crosstalk, 65 db per repeater section.

3.2.3.2.1.5 Repeater Gain and Spacing. The spacing of repeaters shall
be determined by the permissible noise and crosstalk limits for the repeater
section. The maximum level to be transmitted shall not exceed + 17 db and
the lowest level on the open-wire line should not be allowed to fall below -- I
db during the normal weather conditions.

3.2.3.2.2 Paired and Quadded Cable. The 12-circuit carrier paired cable
and the 12 to 60 channel twii, quadded carrier cable perforniance requirements
are specified by the following parameters:

(a) Capacity of Subsystem
(b) Frequency Allocation
(c) Noise
(d) Crosstalk
(e) Repeater Gain and Spacing
3.2.3.2.2.1 Capacity of the Subsystem.
(a) The paired cable carrier system shall permit the operation of a

12-circuit carrier on one pair of a nonloaded long distance quality audio cable.
(b) The twin quadded carrier cable shall permit the operation of 60-

channel supergroups in increments of 12-channel groups.
3.2.3.2.2.2 Frequency Allocation.
(a) For 12-circuit paired carrier cable systems, the frequency allocation

shall be 6 to 54 kc in the East-West directioTi and 60 to 108 kc in the West-East
direction.

(b) For 60-channel twin quadded carrier cable systems, the frequency
allocation shall be 12 to 252 kc in 12-channel increments of 48 kc.

3.2.3.2.2.3 Noise. The weighted noiso' power of the 12-circuit paired
carrier cable system and the 60-channel twin quadded carrier cable system shall
not exceed 7,400 picowatts at a point of zero relative level (32.7 dba) for 1,000
nM hypothetical reference circuit. Of this figure 2,500 picowatts shall be
allocated to the multiplex and terminal equipment, and 4,900 picowatt3 to the
line and repeaters.

3.2.3.2.2.4 Crosstalk.
(a) Each carrier pair of the 12-circuit cable system shall be equipped withI

balancing networks in each repeater section. The intermediate repeaters shall
be of the frequency frogging type. Thi intelligible crosstalk ratio lbtween
any two channels of a 12-channel ,earrier on paired cable systems or the inter-
(jiainevl crosstalk on twin quadded cable systelms shall not be less than 67 (11).
Far-end crosstalk ratio btwevn pairs in a repeater section, when the pairs are
terminated at their two ends by impedancrs equal to their eharacteristic
impedance, shall not be less than 65 db per section.

3.1.3.2.2.5 Repeater Gairn and Spacing. The repeater gain is neciessarily
dependeat upon the type and balance of the cable employed, but in no c ow•*
shall exceed 56 db for the highest frequency employed on either thi 12-circuit
paired cable carrier system or the 60-chanmel twin cable 'arrier systemn. Like-
wise, spacing of the repeaters is dependent upoii the same factors, phis physical
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location. The repeater shall be. equipped with line building-out networks to
provide for spacing deviations.

3.2.3.2.3 Coaxial Cable. The performance requirements of the 4-me,
6-me, and 12-me systems are similar and are dealt with together. The param-
eters specified are listed as follows:

(a) Capacity of System
(b) Frequency Allocation
(c) Pilot Frequencies
(d) Attenuation vs. Frequency Characteristic
(e) Noise
(f) Crosstalk
(g) Repeater Spacing
3.2.3.2.8.1 Capacity of the Sub•ystems. The number of supergroups and

the alternate telephone suipergroups p~us television channels for each of the
subsystems, 4-mc, 6-mc, and 12-mc is as follows:

CAPACITY OF: 4-mc 6-mc 12-mc
Supergroups ----------------------- 16 21 45
Supergroups + TV Channels ------.- / 16+0 TV 0+1 TV 20+1 TV
3.2.3.2.3.2 Frequency Allocation. The baseband frequency allocations

for the three subsystems are shown in figure 3.2.3.2.3.2.
3.2.&.3.3 Pilot Frequenucie. Table 3.2.3.2.3.3 gives the pilot fre-

quencies for the three subsystems.

Table .S.1..8.3 PP Frequencie .or #Ae 4-, 6-, anid 11-m 8ubsyusima

Type lFMq 7 (ke) la-

4 1 sso 12me

Pilot frequencies used for automatic line
level regulation ----.------------------ 4092 308 308

4142 4287
6142 12435

Frequency comparison pilot -------------- 60 308 308

(*)

Additional line measuring pilots a--------- 556 556 560 560
808 808 808 808

1056 1056 1304 1304
1304 1304 1800 1592
1552 1552 2296 2912
1800 1800 2792
2048 2048 3536
2296 2296 5608 5608
2544 2544 6928 6928
2792 2792 8248 8248
3040 3040 8472 8472
3288 3288 8792 8792
3536 3536 11112 11112
3784 3784

*'The fnrt eohlamn of pilot frequencies are those required if the Ismehand allocation in figure 3 '.3.? 3.2. 1 is used

The. t 'oI ur t . iumn 1, tu,' for hi t.mandt sliocutions given in figure 3 2.32.3.2.e anI 3.2 3.2 3.2 f The measuring pilots are
fl,,tlil tranuloithd contiflUomluy excelit thosu tihe1 TV hanit %hen TV program trasnminotsom are in lrogre.n
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to 4'0" ALLOCATION

so 4142 6142

* * 4 o 1 10 It 14 No" Is 20 4
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ALLOCATION

402 445 1 W 1W M QIMN ELPOEWEGO
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sa0 UP 11 17 e4 16olo

(d) 12MC TELEPHONE SUPERGROUP AND MASTLLOTROUP
ALLOCATION

316 41101 43U 41204 4514e Ilim1
We 12MC TELEPHONE SUPIERMASTflGflOUP ALLOCATMOI

316 Is"1 too 4332

1546 meS 41" 51144 GM TntII to?"

(f) 12MC TELEPHONE MASTERGtOUP AND TELEVISION ALLOCATION

S2 3 , I , 3
FREQUENCY MCS

11 '1. IASIC SUPENGROUP t VESTIGIAL SIDE.BA4D CARRIER
31 152)

M L BASIC MASTERGROUP ' LINE REGULATING PILOT PREQUENCY
112 2044 112 2044 2

::=::lTl .1661 156 614SIC S1JPERMASTkhRGROUP
,0741 11046 236 36111 )

4 M., 6 MC, 12 MC bASEBAND FREQUENCY ALLOCATIONS

Showing Telephone and Television Frequency
Allocations

Figure 5.13.•., 2

3.2.3.2.3.4 .lttenuufron. rm. Freqistncy (harqcttermtir. At the time of
lineup, the power supplies shall be withint the specified liliits of ± 2 pervent for
4- mid 6-ne systeins, mid ± 1 perteent for 12-ine systems. Under theW eondi-
tioxis, the spread of the Pttteinuation-frequeiwy response ibtween High Fre-
qtuncy Repeater D)istribution Fraime (IIFRI)F) mid IIFIIDF over )a disla:111ce
of 20111 t1.'I SLILII niot exce'ed the -.alv giveni itl bable 1,2.:. 2.:.4.

3-49



DCA CIR 175-2A
1 Apr 63

Table ,-.3.3.-.4... Attenuation vs. Frequency Characteristic for 4-, 6-, and 12-mc Subs ysteum
over 200 NA!

Spread (db)
Frequency range (kc)

4 mc 6 me 12 me

60 to 4000 ---------------------.------------------------ 3 3 3
4000 to 5564 ----------------------------------------------------- 4 3
5564 to 6000 ----------------------------------------------------. 6 3
6000 to 12400 --------------------------------------- ------- ()

*Under Study (CCITT).

The spread on any supergroup (except 17 to 21) on the 6-me system shall be
les than I db.
Supergroups 17 to 21 on the 6-me system shall have adequate performance
or short haul application.

3.2.3.2.3.5 Noi8e. The total mean weighted noise in the band occupied
by any standard channel (300 to 3,400 cps) shall not exceed 3 picowatts pso-
phometrically weighted times the length of the cable route in nautical miles.
These values shall be measured over the coaxial subsystem between HFRDF
points at a point of zero relative level by selective measuring sets, suitably
weighted.

3.2.3.2.3.6 Crosstalk. The worst value of near-end or far-end crosstalk
ratio at the terminals depicted in figure 3.2.3.2.3.6 shall not be less than 85 db
at the lowest transmitted intelligence frequency, or 60 db at the highest trans-
mitted intelligence frequency.

3.2.3.2.3.7 Repeater Spacing. At the maximum mean annual buried
cable temperature of 250 C., the three systems should be designed for the fol-
lowing nominal repeater spacings: 5.2 nM for 4 me and 6 mc, and 2.6 nM for
the 12 inc.
More precisely, the repeater section planning lengths at 100 C. should be as
follows: 5.317 nM for 4 mc and 6 me and 4.9 kM (3.1 nM) for 12 mc.
To calculate the planning length at mean an,,ual buried cable temperature
(71, other than 100 C., the following formulas shall be used:

For 4 mc and 6 uiw, 5.317 (1+0.0021(10- T))
For 12 mc, 2.69 (1+0.0021(10-7T))

where 0.0021 corresponds to the coefficient of attentuation of 0.21 percent per
'C. and Tis the temperature in 'C. under consideration.
The overall requireinents are the same for both 6-me and 12-mc sy'st ems to
insare compatibility at the video switching point.
Because video frequencies approaclhing zero cannot. be transiiitted over coaxial
(nble systenis, the spectrum of the television subsystem is translated into a
suitiable range. T'his process requires vestigial sih(leand Iransmit, e(quil)Ient
between the video switching point and the 1lFRDF at the t ranismii termiual
station; and vestigiil sideband receive equipment at the receive teriminal as
indicaited in figure 3.2.3.2.3.7. Also, where necessary, ermphasis and dee(nphasis
networks are used at each end'of the subsyst(emi. It thus differs from thie defini-
tion of other subsystems.
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2. SIDEEAND , 6MC./12MIC COAXIAL. SUBISYSTEM. IIBM

TR NS MITG LRECEIVE

EQUIPMENT EQUIPMENT

LI I
WI 

z

6. BLOCK SCHEMATIC

5000

loss OR 6?T9

565 605
OR OR

63"0 PREQUENCY KC 11,7I'

b. FREQUENCY SPECTRUM

1. VIDEO SASEBAND AT VIDEO SWITCHING POINT O-SMC

2. LiNE PREQUENCY BASEBAND AT HPRDF
(FREQUENCY SPECTRUM DEPENDENT ON SUBSYSTEM)

FM & VESTIGIAL SIDEBAND TELEVISION TRANSMISSION
ON COAXIAL CABLE SUBSYSTEMS

Showing the Interface of the Vestigial Sidahend Equipment and

the Coaxial Subsystem with Frequency Allocation for a 625, 525 or 405
Line Transmission.

Figure 3.8.3.S3.7.

The following specification, therefore, includes not only the repeatered line
with its pilots for regulation purposes, but also such terininal equipment as is
inentioned above. The paranmeters specified for the 6-ine subsystem thus refer
to the video switching points.

SI'MMARY OF PARAMETERS SPEC(IFIEl)
FOR 6-M(' SUBSY.SrEMS

(a) Video Spectrumi
(b) ('haracteristics of Video Signal
(ce) hn11pedance
(d) Nonlinear Distortion
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(e) Stability
(f) Noise
(g) Attenuation Distortion
(h) Phase and Group Delay Distortion
8.2...&3.8 6- or 12-me Line Equipment on O.36 Inch Coaoial for Tele-

visiom. This section describes the overall televisi.n performance between
video switching points. (See figure 3.2.3.2.3.7a.)

3.2.L2.3.9 Video Spectrum. The spectrum for video transmission shall
be 30 eps to*5 me. (See figure 3.2.3.2.3.7.)

3.2A3.2.3.10 Characteristic# of Video Signal. The polarity of the video
signal is under study.
The dc component (not transmitted) shall not dissipate more than 0.5 watts
in the input impedance.
The amplitude shall be 1 volt double amplitude peak (DAP) with a picture to
sync ratio of 70:30 at. the video switching point.

3.2.3.2.3.11 Impedance. The impedance shall be 75 ohms at input or
output terminals of video points with a return loss of not less than 24 db.

3.2.3.L.3.12 Nonlinear Distortion. The relationship between input and
output vision signal amplitudes is such that the mean value of the output
signal is within ±-10 percent of the input of the vision signal over the whole
range of the input vision signal from black to white level.
Synchronizing pulses at the output shall not differ from the input pulses by
more than 3 percent of the peak-to-peak amplitude of the composite video
signal.

3.2.3.2.3.13 Stability. For short per ds, for example I second, the
stability shall be maintained to ± 0.3 db. .'or medium periods, for example
1 hour, the stability shall be maintained to ± i db.
For long periods, for example I month, the following conditions shall be met:
If the circuit is not adjusted before every transmission, the stability shall be
maintained to ±-2 db. If the circuit is adjusted before each transmission the
stability shall b- maintained to I db.

3.2.3.2.3.14 Noiso.
(a) Weighted Noise. Random (uniform) noise ratio, DAP picture/DAP

noise, shall be greater than 30 db where the noise is weighted in accordance
with curve E of Document 35 of the CCITT.

(b) Iupulsive Noise. The impulsive (short duration slow repetition) noise

ratio shall lx, greater than 25 d1 (DAP picture/DAP w,,iglhted noise).
(u) Pattern Noise. The pumattern noise ratio shall be .reater than 50 (d1)

(DAP pieturn/I)AP weighted nbie.) up to 1 me, falling to 1 f less than 30 dbI)
at the highest frequency.

3.2.3.2.3.15 llivtrstin.
(a) Att ,nuation Distortion. The- atlenutition distortimi shall not exceed

the following values.
± I d(b up to 2 oe
±2 dl, up to 2 iiw to 4 11W

± 3 db uip to 4 meW to 5 nw
(h) lPhao, D)istortion. The phase deviation from 30 cps up to 4 Ine

shill 1,ot .xi',,'d ,5 at w ;i t.0 ,iquivah'nt Io (.004 ils tiimie dehiy)
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(c) Group Delay Distortion. From 2 mc to 4 mc the spread of the varia-
tion in group delay shall not exceed 4 microseconds, and from 4 mc to 5 mc
1 microsecond.
The change of group delay in 100 kc intervals shall be less than 0.1 microsecond.

3.2.3.2.3.16 Line Equipment on 0.168 IncA Small Core Cooazial Subeyatems.
Unlike the main line systems covered by sections 3.2.3.2.3 and 3.2.3.2.4, the
"small core" coaxial subsystem is full transistorized and although conforming
to long distance standards, shall be used primarily for medium haul application.
The subsystem is suitable for inclusion in the hypothetical reference cirsuit
described in 3.2.3.1.1.
The parameters specified for the small core coaxial subsystems are listed as
follows:

(a) Capacity of Subsystem
(b) Frequency Allocation
(c) Pilot Frequencies
(d) Attenuation vs. Frequency Characteristic
(e) Total Noise
(f) Crosstalk
(g) Repeater Spacing
3.2.3.2.3.17 Capacity of System. The two core arrangement shall provide

bandwidth for 300 high grade telephone circuits over medium haul distances.
This means that up to about 270 nM of this fadlity may be included in Lhe
6,000 nM hypothetical circuit without degrading the overall performance.
The single core arrangement shall provide 120 telephone circuits.

3.23.2.3.18 Frequency Allocation. The frequency spectrum for the small
core subsystem shall be as shown in figure 3.2.3.2.3.19.

3.2.3.2.3.19 Pilot Frequencies. Pilot frequencies and number of super-
groups for the small core subsystem shall be as listed in table 3.2.3.2.3.19 and
shown in figure 3.2.3.2.3.19.

TableS. s..2...19. Pi"ot Frequencies for Small Core Subeilesem.
To ewe we

Number of supergroups ------------------------------------ 5 2
Pilot frequencies used for automatic line level regulation ------ 1054 or 1364 kc in either

cue
Frequency comparison pilot --.-----------------------.---- 60 kc 60 kc
Optional manual adjust pilot --.-----------.------------ 308 ke 308 ke

3.2.3.2.3.20 Attenuation vs. Frequency ('harateritic. At the time of
lineup after assuring primary power supplies within the specified limits of ± 5
percent, the spread of the attenuation frequency response between tIFRDF
and ItFRDF over a distance of ISO OM shall not exceed 3 db. The spread on
any supergroup shall be less than 1 db.

3.2.3.2.3.21 Total NAixe. The total mean weighted noise in the band
occupied by any standard channel (300 to 3,400 ,ps) shall not exceed 3 pieo-
watts times the length of the cable route in nautical miles.

3.2.3.2.3.22 'rosstalk. The worst value of near-end or far-end crosstalk
ratio on the 10 nM terminal shall not he less than 8,5 db at the lowest trans-
mitted intelligence frequency, or 640 db at the highest transmitted intelligence
frequency.
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so M05 1054 15440
I I

INo 300i312 612 U4 as IlR 1052 W0O 1300

I.) TELEPHONE SUPERGROUP ALLOCATION:
TWO-CORE SYSTEM

1 1ONE OF THES PILOTS TO 8E ALLOCATED
I FOR AUTOMATIC LINE REGULATION -• 1
I I

I I
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I34 3041311 su0 S anOE 1046 106 fIN

(b) TELEPHONE MASTIRGEOUP ALLOCATION:
TWOCORN SYSTEM

BASIL MASTIERGROUP 812.S24dKC
COMPRISING SUPERGROUPS 4,5,6,7,1

DIRECTIONAL FILTERS

100 SOi0 St x sit l IOst I50
(W) TELEPHONE SUPERGROUP ALLOCATION:

SINGLE CORE SYSTEM:
COMPRISING SUPERGROUPS 1,2 IN THE A-9 DIRECTION

AND 4,5 IN THE S-A DIRECTION

0 100 200 300 400 600 600 700 NO S0 1000 1100 1I00 1300
FREQUENCY KCS

SMALL CORE COAXIAL BASEBAND FREQUENCY ALLOCATIONS

Showing Alternates A and B for Two-Tube Wooring and
Method C for Single Tube operation

Figure 3.2.3.8.S.19.

3.2.3.2.3.23 Repeater Spacing. The repeater section planning length for

buried cable is 1.97 nM (4,000 yards at 10' C.). (See figure 3.2.3.2.3.6.) For

aerial or buried installation, the section planning length may be derived from

the formula
1.97 (1+0.0018(10-T)

where T is the mean annual temperature of the cable in *C.
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The regulation system shall be capable of correcting for temperature variation
of ±300 C. for aerial installations and + 150 C. for buried installations.
In either case, the dependent repeaters themselved shall be buried underground.

3.2.3.2.4 Submarine Cable. Standards for submarine cable systems are
under investigation. Provisionally, noise for dhe system, exclusive of mlti-
plex equipment, shall not exceed 1.5 picowatta per nautical mile.
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CHAPTER IV

TACTICAL COMMUNICATION SYSTEM
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CHAPTER V

STANDARD MEASUREMENT TECHNIQUES
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